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ABSTRACT
Seasonal Change in the Microclimates 
of the Colville Delta, Alaska
The Colville Delta, 600 km^ in area, lies on the 
shore of the Beaufort Sea in the Coastal Plain Province 
of Northern Alaska. Like most arctic deltas the Colville 
is subject to a short but intense period of hydrologic 
activity in spring. As the snow melts in the drainage 
basin, substantial amounts of water, ice, and sediment 
move downstream and through the Delta. This flooding is 
responsible for many of the morphologic changes that occur 
in the Delta. Also, with the removal of the snow and ice 
cover, a number of different environments are exposed, 
each of which has a unique microclimate. These environ­
ments include: 1. the River and its distributaries,
2. sandbars and mudflats, 3. dunes, 4. patterned ground,
5. lakes, and 6. the delta front.
Between mid-April and mid-August, 1971, field studies 
were conducted near the apex of the Delta at Camp Putu, a 
field station established by the Naval Arctic Research 
Laboratory. Examples of all delta environments except the 
delta front are present near the camp. The climatic 
characteristics of these environments were examined
throughout the study period. They include: 1. the
radiant energy exchange between the surface and the 
atmosphere, 2. snow cover, 3. latent and sensible heat 
exchange, 4. surface thaw, and 5. the thermal state of 
the surface and near-surface environment.
The characteristics of the various microclimates 
and their relationship to each other and to surface 
morphology change with the season. In winter with snow 
and/or ice covering the surface, there is little difference 
in energy exchange from place to place in the Delta. In 
spring increasing amounts of solar radiation and higher 
temperatures result in removal of snow and ice. Flooding 
strongly influences both the magnitude and timing of
climatic changes at the surface. During a short period
2the energy exchange pattern over nearly 1200 km is 
altered as floodwater spreads over much of the Delta and 
adjacent sea ice. With the cessation of flooding the 
spatial variability of the climatic characteristics of the 
surface diminishes; the differences present during summer 
are caused largely by variation in surface morphology, 
vegetation, and soil moisture.
• * tv m
INTRODUCTION
The appearance of the Arctic varies considerably from 
one season to the next, with the most conspicuous variation 
occurring during spring. Subject to lengthy periods of 
darkness and low temperatures, the surface of much of the 
Arctic is covered by snow and ice for almost nine months of 
the year. Toward the end of winter, incident solar radia­
tion increases, snow begins to melt, and the surface 
beneath reappears, The exchange of energy between the 
atmosphere and the surface is among the more important of 
the process-related changes occurring at this time. The 
magnitude and direction of these energy exchanges affect 
and in turn are affected by surface forms, materials, and 
processes. The interrelationships that develop have long 
been recognized as a general phenomenon in the Arctic. 
Little attention, however, has been focused on the con­
trasts in these relationships as they develop among 
different environments in the same general area.
Most deltas are useful sites for the study of the 
contrast in microclimates because, possessing one of the 
most complex physical systems on earth, they exhibit great 
variations of surface types within short distances. For a 
study of the temporal and spatial variations which exist
2
between microclimates and their relationships to surface 
forms, materials, and processes, arctic deltas are 
especially useful. In addition to the spatial variability 
they share with deltas in general, they have the great 
seasonal variability typical of the Arctic.
This dissertation is an examination of the climatic 
characteristics of and the differences between the several 
distinctive environments that comprise the Colville River 
Delta, a small arctic delta in Alaska. Emphasis has been 
placed on those changes that occur during spring, i.e. 
during the period of time when the Delta's relatively 
homogeneous snow covered surface is transformed rapidly 
into a highly varied set of surface types, each of which 
has its own distinctive characteristics and its own micro­
climate. The energy budget, especially the flux of radiant 
energy at the surface, is emphasized because it is important 
in terms of providing energy for various processes at the 
surface and is highly variable in spring among the various 
environments.
2The Colville River Delta, 600 km in area, is located 
about half-way between Point Barrow and Barter Island,
Alaska (Fig. 1). Built by the Colville River which drains 
about one-third of the North Slope, the Delta is arcuate 
in shape with numerous distributaries trending northwest 
from its main channel (Fig. 2). Local relief is less than 
15 m but the landscape is highly varied with many lakes, 
distributaries, dunes, polygons, bluffs, bars, and flats
3
M'
Fig. 1, North Slope of Alaska
present. At the front of the Delta is Harrison Bay, a 
shallow body of water which acts as the receiving basin 
for the water and sediment delivered by the Colville.
Field data utilized in this dissertation were gathered 
during the 1971 field season (mid-April to mid-August) in 
the Colville Delta. Most of the measurements cited were 
taken at or near Camp Putu, a Naval Arctic Research 
Laboratory field station located near the apex of the Delta 
about 35 km upstream from the ocean (Figs. 2,3). Published 
data utilized are mainly from Amborg, Walker, and Peippo 
(1966, 1967), McKenzie (1972), McKenzie and Walker (1974), 








Fig. 2. Colville Delta
Fig. 3. Camp Putu in Mid-June
Walker (1969, 1972, 1973a, 1973b, 1973c, 1974), Walker and 
Harris (1976), and Walker and Morgan (1964),
THE ENVIRONMENTS OF THE COLVILLE DELTA
Despite its small size and low relief, the Colville 
Delta has a heterogeneous surface. Variety is due largely 
to the activities of the River, particularly spring 
flooding. The Delta is separated from the general tundra 
by distributaries that diverge at an angle of about 50° 
approximately 40 km from the ocean. Within this area are 
found at least 6 distinct environments: 1. the Colville
River (including its many distributaries), 2. sandbars and 
mudflats, 3. dunes (vegetated and unvegetated), 4. pat­
terned ground, 5. lakes, and 6. the shallow water and 
mudflats of the delta front. Although there is some 
variety within each area, each nonetheless possesses char­
acteristics, including those of a microclimatic nature, 
that set it apart from the others during at least some 
portion of the year. Except for the sixth area (that 
restricted to the delta front), all are well distributed 
throughout the Delta. Indeed, examples of all five of the 
non-deltaic front type are found within a few hundred
t
meters of the field station (Fig. 3).
River
The primary element of the region is the River and
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its distributaries. Covering somewhat less than 10% of 
the Delta (excluding the portion occupied by the delta 
front) during summer, it spreads over as much as 65% of 
the surface at the time of maximum discharge in spring 
(Walker, 1974). Throughout winter the River is capped by 
ice and snow and generally is similar to the rest of the 
Delta.
Sandbars and Mudflats 
Nearly 5% of the Delta consists of sandbars and 
mudflats (McKenzie and Walker, 1974). They occur on both 
sides of most distributaries and are especially numerous 
along the East Channel (Fig, 4). These bars and flats,
Fig. 4. Sandbar Between Putu Channel and East Channel
ranging in texture between clay and gravel, are flooded 
each spring and subjected to both erosion and deposition.
Local bar relief is affected not only by ice and water but 
also by wind. During the snow free period the wind 
frequently transports material from the bars and flats to 
the adjacent tundra. Little vegetation grows on the bars 
except near the inner edges where grasses and some willows 
can be found.
Dunes
Dunes are located mainly along the west side of the 
major distributaries (Fig. 5) and although numerous,
Fig. 5. Dunes at Putu
comprise less than 5% of the Delta's surface. Most of them 
are oriented in a northeast-southwest direction, parallel 
to the direction of the prevailing winds. Most dunes are 
composed of deposits that have been transported from 
adjacent sandbars and mudflats during low river stages in
10
summer. Although some dunes are fixed by a thick vegeta­
tion cover of willows and grasses, others, especially those 
adjacent to the bars and flats, are relatively bare. Local 
relief in most dune areas is variable; the greatest relief 
occurs where blowouts are common or where the River is 
actively undercutting dunes. Many dunes grade gradually 
into areas of patterned ground on their lee side and often 
exhibit active ice-wedge development. Generally well 
drained, dune areas are normally dry in summer. However, 
during snowmelt ephemeral lakes form in the depressions 
between dunes. Most of them drain as the thaxv layer 
begins to develop. In some of the major depressions, 
permanent ponds develop (Walker and Harris, 1976) because 
the evaporation rate is low and permafrost prevents 
percolation through the dunes.
Patterned Ground 
Approximately 60% of the Delta is covered with ice- 
wedge polygons (Fig. 6), a type of patterned ground typical 
of much of the North Slope of Alaska. Most of the Delta's 
polygons are more than 10 m in width, have a local relief 
of less than 1 m, and are of the low-centered variety. 
Polygon fields are interspersed with the larger lakes of 
the Delta. The surficial material of the polygons is 
varied, but most of it has a high organic content.
Although most of the Delta's patterned ground is situated 
at elevations sufficiently high to protect it from river
Fig. 6. Flooded Polygons in Early June
overflow, some of it is flooded nearly every spring. Many 
of the polygon centers are filled with water throughout the 
year forming small ponds; others possess water only for a 
short time after snowmelt. Most areas of patterned ground 
are vegetated; grasses, mosses, and willows predominate.
Lakes
Spread across the Delta are numerous lakes and ponds
(Figs. 5,6). Covering about 20% of the surface, they vary
2 2 from just a few m to several km in area. Many of the
smaller lakes and ponds are shallow and often associated
with polygon fields. The larger lakes are usually more
than 2 m in depth and do not freeze to the bottom during
winter. All lakes offer considerable opportunity for heat
storage during the summer.
The Delta's lakes are constantly changing. For
12
example, some large lakes are expanding into polygon fields 
and lakes near the distributaries are periodically tapped 
by the River. Tapping permits flooding during spring and 
results in the rapid deterioration of the lakes' ice cover. 
These lakes fluctuate in level with the river stage. 
Untapped lakes, on the other hand, maintain their ice cover 
longer and because they do not have an outlet to the River 
they are kept full by snowmelt runoff from the surrounding 
tundra.
The Delta Front 
The northern part of the Delta is composed of mud­
flats and the shallow waters of Harrison Bay, The aqueous 
portion is covered with bottomfast sea ice during winter 
and it, along with the adjacent mudflats, is covered with 
floodwater and sediment during spring.
EXPERIMENTAL TECHNIQUES AND EQUIPMENT
Numerous types of equipment and a variety of tech­
niques were used to monitor the changing nature of the 
climate in each of the 6 environments singled out for study 
in the Delta. Logistical difficulties prevented the 
measurement of all climatic variables on a continuing 
basis over the entire Delta. Most measurements were made 
near the field camp (Fig. 3) at the head of the Delta.
With the exception of the delta front, examples of all 
environments were present within a short distance of the 
camp so it was possible to directly measure microclimatic 
changes for much of the season. The major elements mea­
sured were radiant energy exchange, sensible and latent 
heat flux, and the thermal state of the surface and near 
surface environment. Using the data gathered at the field 
station as a base, assumptions were made concerning the 
timing and magnitude of microclimatic changes in other 
parts of the Delta. Available literature and visual 
inspection from the air and water at various times provided 
supplemental information that aided in the estimation of 
radiation exchanges and the thermal state of the surface 
in regions distant from the camp.
Because only a limited number of instruments were
13
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available it was decided to move the instruments fre­
quently from one site to another in order to better 
reconstruct the microclimatic changes that take place in 
the different environments of the Delta, Although some 
continuity was lost by this method of instrumentation, the 
comparative results are far more valuable in that it was 
possible to gain information about a far larger and more 
varied area.
Radiant energy exchange was measured on a continuous 
basis with either line or point recorders located in the 
main instrument cabin and connected to the sensors by 
cable. Solar radiation was measured with an Eppley 180° 
10-Junction Pyrheliometer designed to respond to incident 
radiation within the 0.3 to 3 micron range, i.e. shortwave 
radiation. The instrument, mounted on a level platform 
atop the main instrument cabin, had an unobstructed view 
of the horizon. Albedo was measured by an inverted 
pyrheliometer suspended from a metal stand 1.5 m above the 
surface (Fig. 7). A Schulze Radiometer was used to measure 
the incoming and outgoing radiant energy in all wavelengths 
(Fig. 8). With these data it was possible to calculate 
the net radiation and by comparison with the data gathered 
by the pyrheliometers it was possible to identify that part 
of the radiant energy flux that was longwave radiation, 
i.e. radiation in a wavelength of more than 3 microns.
Data were reduced by converting 15 minute readings 
into hourly means. Integrators were used to keep a
Fig. 7. Albedo Measuring Site on Putu Bar
Fig. 8. Schulze Radiometer on Dune
running total of the incoming solar radiation and on a 
daily basis yielded figures which were similar to those
calculated by use of hourly means.
The bulky nature of the metal framework which held 
most of the sensors necessitated the use of lightweight 
equipment for spot measurements, A Thornthwaite Portable 
Net radiometer was used to measure net radiation over a 
variety of different surfaces and the surface emissivity 
was determined by means of a Barnes Infrared Thermometer.
Several different methods were used to calculate the 
latent heat flux. Recording evaporation gages, placed at 
several points around camp in early June, continuously 
measured the changing weight of a pan of water about 3 cm 
deep and 20 cm wide. To determine the direct evaporation 
of snow, i.e. sublimation, translucent plastic containers 
were filled with shaped blocks of snow and weighed at 
regular intervals (Fig. 9). A similar method reported by 
West (1962) yielded satisfactory results in the Sierra 
Nevada but the results in the Delta were mostly incon­
clusive, While most containers indicated some net loss 
others showed small gains. There was also great variation 
in results, even at the same site. The snow in the 
containers melted more rapidly than the surrounding snow- 
pack because the container prevented heat transfer down­
ward. As the surrounding snowpack melted, the containers 
often tipped over, spilling their contents. While it 
appeared that there was some sublimation in the Delta dur­
ing early spring, it was not possible to determine if there 
were any variations between the different environments.
Fig. 9. Sublimation Measuring Containers
The thermal state of the surface was measured 
continuously at 10 locations with thermistors connected to 
an Atkins Temperature Recording System. Temperature 
measurements were made on, above, and below the surfaces 
of the dunes, bars, polygons, and water bodies, including 
Putu Channel. Air temperature throughout the period was 
measured by means of a Weathermeasure Recording Hygro- 
thermograph placed in a weather shelter (Fig. 10) on the 
dunes.
Visual inspection of the Delta by air and water was 
not the ideal method for accurately measuring the changes 
in microclimate in other areas of the Delta, but it was the 
only practical method available. Together with experience 
gained by a four-month field season, information gathered
Fig. 10. Weather Shelter to East of Main Instrument Cabin
at the field station, and discussions with colleagues 
it is probable that the assumptions made concerning the 
changing nature of the microclimates in other areas are 
reasonably accurate.
WINTER
During the long winter the Delta and adjacent areas 
are covered with snow and ice. Although thin, this snow 
and ice cover is important in regulating the exchange of 
energy between the surface and the atmosphere. Because the 
albedo of the surface is high, most of what little solar 
radiation reaches the surface is reflected back into the 
atmosphere. The radiation balance of the surface, in­
cluding both shortwave and longwave fluxes, is negative.
Morphologic activity in the Delta is at a low level 
in winter (Walker, 1974). Many of the lakes and portions 
of the river channels are frozen to the bottom. Snow 
covers the frozen active layer, obliterates many of the 
minor irregularities with drifts, and covers all but the 
tallest vegetation.
There is little spatial variation in the climatic 
characteristics of the Delta in winter. With the exception 
of portions of riverbank bluffs and areas exposed to strong 
winds, all surfaces are covered with snow and absorb and 
emit radiant energy in the same manner. Some of the 
climatic differences that are present include: 1. differ­
ences in the depth of the snow because of the effect of 
wind and topography, 2. small temperature differences with-
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in the snowpack, and 3. thermal gradients in the deeper 
lakes and portions of the distributaries because of water 
beneath the ice. However, none of these factors has any 
substantial effect on the amount of energy emitted or 
absorbed at the surface. Although these 3 factors have 
little effect on climatic variation during winter they, 
and especially the snow and ice cover itself, do have a 
major effect at a later time.
Snowmelt in spring occurs only with the absorption 
of substantial amounts of net radiation. At the surface 
this net radiation brings the temperature of the snowpack 
to 0°C and provides the latent heat of fusion. Sites 
where the snow is deep and/or protected from the direct 
rays of the sun retain their snow cover longer than sites 
where the snow cover is thin and/or exposed to the direct 
rays of the sun. In addition, much more energy is required 
to melt the snow where it is especially deep. Variation 
in snow depth and protection enhances the differences in 
microclimate between the various environments in spring.
Any delay in the removal of the snow cover also lessens 
the amount of radiant energy absorbed at the surface in 
summer.
SPRING
Arnborg, Walker, and Peippo (1966), using the hydro­
logic regime of the River as a basis, divided spring into 
three parts, namely: prebreakup, breakup, and postbreakup.
The prebreakup period commences when meltwater accumulates 
on the ice. Breakup is marked by movement of river ice
downstream. The postbreakup period begins when the ice is
largely removed from the river channels. The end of post­
breakup flooding, which marks the end of spring and the
beginning of summer in this scheme, occurs when the gradual
decline in discharge ceases. During summer, river flow
'Vremains fairly constant, although there is day to day 
variation reflecting changing tidal conditions and rainfall 
runoff from the drainage basin.
During these three hydrologic periods, most of the 
snow and lake ice are melted, the frozen ground surface 
begins to thaw, and vegetative growth commences. These 
several processes occur at different rates within the 
Delta. There is great regional variation in the time of 
snow removal and the initiation of thaw. Snow removal and 
thaw begin as early as late April in some areas and as 
late as mid-June in others. In the partly vegetated dunes 
at Putu, some of the dune crests are free of snow and
21
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beginning to thaw by early May whereas in the blowouts, 
snow often remains until early June. Often only a few 
meters separate the two sites.
During spring many of the climatic variations between 
different environments are due to the River. During 
flooding, water spreads out over much of the Delta, changes 
the albedo, and acts as a carrier of sensible heat.
Although there is a general similarity between the 
climate of the Delta and most of the rest of the North 
Slope during spring, there are some differences, especially 
in air temperature patterns. Temperature records are 
available from the two National Weather Service stations 
in the region (Barrow and Barter Island) and from Oliktok, 
a Distant Early Warning Line station located northeast of 
the Delta along the coast (Fig. 1).
In April, 1971, lower mean weekly air temperatures 
were measured at Oliktok than at the other two stations; 
in May higher air temperatures were measured (Table 1).
At Putu, during the last 10 days of April, air temperatures 
were considerably lower than those measured at Oliktok.
On eight of the ten days of record the mean daily air 
temperature at Putu was lower than any of the other sta­
tions.- The mean air temperature at Putu in June was 3°C 
higher than that recorded at the next warmest station 
(Barter Island).
The air temperature differences between Oliktok and 
Putu are particularly noteworthy (Fig. 11) because of the
23
TABLE 1
MEAN WEEKLY AIR TEMPERATURES FOR SELECTED 
NORTH SLOPE STATIONS IN 1971, 
COMPARED WITH PUTU
(Temperatures in °C)
Week Barrow Putu Oliktok
Barter
Island
Apr 4-10 -25.5 -29.3 -27.7
11-17 -21.3 -21.4 -20.5
18-24 -16.5 -17.6 -16.6
25-1 -15.4 -18.1 -15.8 -16.3
May 2-8 -16.5 -16.7 -15.8 -16.2
9-15 - 9.3 - 9.0 - 7.2 - 7.0
16-22 - 4.7 - 2.8 - 0.4 - 2.3
23-29 - 2.6 - 1.5 - 0.2 - 0.9
30-5 - 0.2 4.2 2.1 3.7
Jun 6-12 0.7 5.6 1.3 1.9
13-19 1.3 6.3 3.8 3.6
20-26 4.4 8.1 2.7 3.7
■SOURCE: N.O.A.A. 1971a, 1971b; National Climatic 
Center, 1971; temperature measurements at Putu
stations’ proximity to one another and the effect of snow 
and ice removal and river flooding on the air temperature. 
During early to mid-May lower air temperatures were mea­
sured at Putu, which would seem to indicate that the ice- 
covered Arctic Ocean exerted a moderating influence on the 
air temperature at Oliktok. On May 26, the mean daily air 
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Fig. 11. Mean Daily Air Temperature at Putu and Oliktok
for most days thereafter Putu was warmer than Oliktok,
There are probably two reasons for this pattern. First, on 
May 26, the Colville and its distributaries began to fill 
with floodwater. The floodwater covered much of the Delta, 
melting the snow and lowering the albedo. Second, at the 
time of prebreakup flooding some dune crests, sandbars,
and mudflats, where little snow had accumulated in winter 
were already free of snow. The snowfree areas expanded 
rapidly as flooding continued, even in areas not covered 
by floodwater. On the dunes especially the small amount 
of soil moisture and the low specific heat of sand caused 
surface temperatures to rise, resulting in a sizeable 
transfer of sensible heat to the atmosphere. As a result 
air temperatures at Putu generally remained higher than 
those at Oliktok. Snow removal in the Delta, even ini
areas not covered by water, was substantially completed 
several days before the surrounding tundra lost its snow 
cover (Figs. 12,13).
Fig. 12. Coast Near Oliktok, June 4
Fig. 13. Apex of Delta, June 4
The comparison with Barrow is even more striking in 
terms of time of snowmelt. Weller, _et ad. (1972) reported 
that at Barrow in 1971 there was no snowmelt before May 28 
and that the snow cover was not completely removed until 
June 10. In the Delta, by May 28, most areas of the dunes 
were clear of snow, meltwater was flowing in the distribu­
taries, and some sandbars and mudflats were snowfree. By 
June 5, there were only small areas In the vicinity of 
Putu which were still snow covered.
Barrow is the only National Weather Service station 
on the North Slope regularly measuring incoming solar 
radiation. In 1971, the amount of insolation at Barrow 
rose from about 300 ly/day in April to nearly 800 ly/day 
in May and June (Fig. 14). Considerable day to day 
variation existed because of the variation in cloud cover.
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Fig. 14. Incident Solar Radiation During Spring, 1971
^Insolation, which was measured at Putu beginning in early 
May, was similar to that measured at Barrow (Fig. 14).
Numerous authors, including Catchpole and Moodie 
(1971), Conover (1960), and Markin (1962), have noted that 
in the Arctic increased amounts of solar radiation are 
received at the surface because of multiple reflection 
between the snow-covered ground and the atmosphere. In 
addition, because of the low solar altitudes there is some 
scattering of solar radiation off clouds during days when 
the sky cover is broken, e.g. at 1400 on June 11 (Fig. 15). 
Because of this scattering there is an increase in the 
amount of solar radiation absorbed at the surface. While 




Fig. 15. Incident Solar Radiation, June 11, 1971
increase in absorbed solar radiation, those surfaces with 
a low albedo would absorb substantially more solar radia­
tion than those surfaces with a high albedo. Insolation 
readings as high as 1.65 ly/min were measured for short 
periods during the field season because of this multiple 
reflection and scattering. 1.65 ly/min is nearly 50% 
greater than the maximum solar radiation intensity of 
1.14 ly/min measured under optimum conditions during the 
cloudless days at the time of the summer solstice. Because 
of this multiple reflection and scattering, areas which are 
free of snow in May absorb larger amounts of solar radia­
tion than they would if the albedo of the surface were low 
or solar altitudes were high.
In spring the albedo is the most important factor 
determining the state of the surface radiation balance.
29
The decline in albedo of a particular environment is a 
major indicator of spring. In late winter, the albedo of 
the snow is between 80% and 90% but the increase in inci­
dent solar radiation results in an increase in the amount 
of radiant energy absorbed at the surface even without any 
decline in albedo.
The albedo of a snow surface is the product of many 
factors such as snow depth, amount of free water in the 
snow, grain size, snow density, topography, and the pre­
sence of wind-blown soil particles on the surface. The 
albedo may decrease for a number of reasons. With longer 
daylengths and higher, solar altitudes there is an increase 
in insolation which results in a temperature increase in 
the snow. When the temperature of the snow reaches 0°C it 
begins to melt. A moist snow cover has a much lower albedo 
than a dry one. The meltwater percolates downward, lowering 
the snow surface and increasing the density of the remain­
ing snow. Vegetation which is exposed through the snow 
cover, such as grass tussocks or willows, aids in the rapid 
decline of the snow cover by lowering its albedo. Lastly, 
any contaminating particles, such as wind-blown dust, 
which may have been deposited on the snow surface will help 
reduce albedo.
While the decline in albedo is rapid at almost any 
given location, the time of decline varies considerably 
around the Delta. In 1971, the decline in albedo from 
winter to summer values began in late April and early May
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on some dune crests and sandbars where the snowpack was 
thin. This decline resulted in some thawing of the active 
layer and surface heating on a local scale weeks before 
nearby snow surfaces began to deteriorate. The most rapid 
decline in albedo in terms of deltaic area occurred just 
preceding and during the period of flooding. Nonetheless, 
even in late June, some protected snowpatches and lake ice 
remained. Both maintained a high albedo. It takes nearly 
two months for the albedo to decline from winter to summer 
values over the entire Delta. Not only does this variabil­
ity in time delay the onset of several processes but it 
results in much disparity in the net radiation totals for 
the summer period among the different environments. The 
sequence in change in albedo from earliest to latest in 
1971 among the environments of the Delta was as follows: 
dune crests and river bars, willow covered dunes, polygon 
ridges, river, polygon centers, small lakes, and finally, 
large lakes (Peake and Walker, 1973).
Coincident with this decline in albedo is the re­
moval of the snow cover, largely by melting. Compared with 
the total flux of radiant energy at the surface, little 
energy is utilized in the snowmelt process. Assuming a 
snow depth of 30 cm and a density of .33 gm/cm it would 
take only about 800 ly to accomplish the complete removal 
of the snow assuming that no sublimation took place.
The primary sources of energy for snowmelt are the 
turbulent transfer of sensible heat from the air and ab-
sorbed solar radiation. Air temperatures sometimes rise 
above 0°C before snowmelt is far advanced, although the 
presence of the snowpack with temperatures at or below 0°C 
makes this unlikely on a sustained basis. The air, when 
its temperature is above 0°C, transmits heat to the snow 
but when the air temperatures is below the snow surface 
temperature there is likewise a movement of heat from the 
snow to the air. During the 1971 snowmelt period at 
Barrow the upward flux of sensible heat from the snowpack 
was greater than the downward one to the ground (Weller, 
et al., 1972). There is a very poor correlation between 
above freezing air temperatures and snowmelt. For instance 
in 1970 at Barter Island, snow on the ground was reduced 
to trace amounts even though the air temperature never rose 
above 0°C. Thus transfer of sensible heat from the air to 
the ground is usually not a major factor in supplying the 
energy for snowmelt. However, in some instances in the 
Delta, there was advection of sensible heat from the 
cleared surfaces of the dune which "was important in melting 
the snow.
Most of the energy for snowmelt comes from the 
absorption of solar radiation at the surface. Areas with 
a shallow snowpack are cleared of snow first while the 
deeper snowbanks are warming up. The cleared areas then 
serve as local sources of sensible heat and provide soil 
particles which are blown about by the wind and redeposited 
thus lowering the albedo. The locally generated sensible
32.
heat and soil particles aid in the melt of the remaining 
snow.
During spring it is the variability in the timing of 
snowmelt in the various environments that is mainly 
responsible for the diversity in the microclimates ob­
served in the Delta. Once snowmelt is initiated the albedo 
is lowered, thus increasing the amount of energy absorbed 
at the surface. Each environment in the Delta is different 
and in each there are many varied elements that combine to 
determine the timing and rate -of snow removal which is so 
vital to the changing of the microclimatic characteristics 
of the surface.
The Prebreakup Period
Water began to appear on the River on May 26, marking 
the beginning of the prebreakup period. Within a few days 
water entered the Delta from the drainage basin and the 
water level rose at Putu, reaching maximum stage on June 3 
(Table 2). Large areas of the Delta were covered with 
water and much of the remaining snow was removed at this 
time.
River
Immediately prior to the beginning of flooding, the 
ice in the river channels was covered with water. This 
water came from the melting of snow on the ice and from 
local snowmelt runoff. The major effect of this water was 
to lower the albedo to about 10% and increase the amount
TABLE 2


























of radiant energy absorbed at the surface. Most of this
increase in absorbed solar radiation aided in melting the 
ice and snow in the channel and snow on adjacent sandbars 
and mudflats which were covered by water as the water level
rose.
Sandbars and Mudflats
Even before prebreakup flooding began, the snow cover 
was partly removed from sandbars and mudflats. Except for 
drifts near the bluffs there was only a thin cover of snow 
present. Absorption of solar radiation in May removed much 
of the snow. Removal was aided when sediment was blown 
from the exposed areas of the bars and flats during storms
(Fig. 16). This material was deposited on nearby snow
\
Fig. 16. Drifting Snow and Sediment on Putu Bar, April 27
covered surfaces, lowering the albedo. Albedo measurements 
show the decline in albedo over a partially vegetated bar 
(Fig. 7) to the north of Putu Channel. The decline in 
albedo was rapid (Fig. 17). Weather conditions influenced 
day to day variations in the albedo values. On May 22 and 
23, there was a rapid albedo decline because the air 
temperatures and incident solar radiation totals were 
higher on these two days than on either the preceding or 
following days. Snowfall and blowing snow on May 16, and 
very light snowfall between May 24 and 26, along with below 
freezing air temperatures, slowed the decline in albedo.
On May 16, the albedo actually increased for a period of 
slightly less than a day.
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Fig. 17. Decline in Albedo Over Selected Surfaces 
and River Stage at the Head of the Colville Delta, 1971 
(Peake and Walker, 1973)
With the removal of the snow the entire energy 
balance of the surface was altered. Some portions of the 
bars and flats near Putu were clear of snow at an early 
date and the amount of radiant energy absorbed at the 
surface increased (Table 3). Because of the higher ' surface 
temperatures on the cleared areas there was more longwave 
radiation emitted upward but this was much less than the 
additional amount of shortwave radiation absorbed. Much 
of this additional energy went into heating the air. Air 
temperatures 10 cm above Putu Bar were several degrees 
higher than those in the weather shelter (McKenzie and 
Walker, 1974), suggesting such an energy transfer. Lesser
TABLE 3
SURFACE ENERGY BALANCE FOR VARIOUS DELTAIC ENVIRONMENTS











































Area covered by each surface type is estimated.
2Mostly dune crests, sandbars, and mudflats.
3LE is energy removed from the surface by evapo- 
transpiration of water.
is energy transported downward into the ground or
snowpack.
5H is energy transmitted to the atmosphere by con­
duction and convection.
amounts of net radiation went toward heating the ground 
and melting any ice beneath the surface. In late May there 
was little sublimation of snow. Evaporation of water on 
Putu Bar was not measured at this time, although the 
presence of steam fog for short periods indicated that
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there was at least some evaporation taking place.
Dunes
Deterioration of the snow on the Delta's dunes began 
weeks before flooding commenced. The decline in the albedo 
of the dunes took place quickly (Figs. 17,18) resulting in
Fig. 18. Albedo Measuring Installation on Willow- 
Covered Dune
a radical change in the energy balance at the surface 
(Table 3). Much of the available net radiation at the 
surface went into heating the air after the snow was 
melted. During snowmelt on the dunes there was some 
evidence of sublimation. Between May 14 and May 27, 1.3 mm 
of snow (water equivalent) were sublimated from snow-filled 
containers placed in the dunes (Fig. 9). Condensation also
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occurs, however. For example, on two days in late May 
hoarfrost formed on willows and grass tussocks that ex­
tended above the surface of the snow.
During the prebreakup period net radiation and 
emitted longwave radiation were measured at 5 dune sites 
(Tables 4,5, sites 1-5). Each has a slightly different 
surface cover and responds differently to essentially the 
same input of radiant energy. The same sites were visited 
twice, once on May 29, when the sky was completely overcast 
and again on May 31, when the sky was largely free of 
clouds. On both days there was much variation in the amount 
of net radiation measured at the surface. The most net 
radiation was measured at site 5 on May 29. The si-te had 
no snow and had the densest vegetation cover of the 5 
sites. The bare sand surface at site 1 had the least net 
radiation because of the high albedo and high surface 
temperature. A high surface temperature is an indicator 
that large amounts of longwave radiation are being emitted 
upward. At sites 4 and 5 there was some moisture and much 
of the net radiation almost certainly went into providing 
the latent heat of vaporization. At site 1, and to a 
lesser extent at sites 2 and 3, much of the net radiation 
went toward heating the air. Two days later under clear 
skies the amount of net radiation measured at all sites 
was greater than on May 29, Surface temperatures were 
also higher on May 31, with the exception of site 4, On 
May 31, there was more longwave radiation emitted upward
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TABLE 4
NET RADIATION FOR SELECTED SITES
Site Net Radiation
Site Description ly/minute^
May 29, 1971 Time: 1430 A.D.S.T.^ Sky: Thick stratus
at 200 meters
1 Bars sand .16
2 Sand, 15% grass .18
3 Sand, 50% veg. .21 (.20-.22)
4 Willows, dirty snow beneath .21 (.20-.22)
5 Mixture of grass and willows,
moist surface .23 (.21-.25)
6 Mixture of grass and willows,
dry surface .28
7 Grass growing on polygon
ridge .19
8 Water (15 cm. deep) over ice
in middle of polygon .17
9 Standing water and grass .21
10 Clean snow .15 (.14-.16)













NOTE: There was little difference in the appearance 
of the sites between May 29 and May 31, except that snow- 
patches were less estensive on May 31,
^4 to 6 readings were taken at each site. Range of 
readings is in parentheses.
2Alaska Daylight Savings Time
TABLE 5
LONGWAVE RADIATION AND SURFACE TEMPERATURE 
FOR SELECTED SITES
Emitted Longwave Surface 2
Radiation Temperature
Site ly/minute °C











May 31, 1971 Time: 1530 A.D.S.T.
1' .64 25
2 .58 17 (10-24)








NOTE: There was little difference in the appearance 
of the sites between May 29 and May 31, except that snow- 
patches were less extensive on May 31.
^Sites are the same as in Table 4.
9Surface temperature determined by means of Barnes 
Infrared Thermometer and assuming a surface emissivity of 
1.0. Range of readings is in parentheses.
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from site 4 than at any other site. There was considerable 
variation within the area of sites 2 and 3 because grass 
and sand respond differently to the input of intense direct 
solar radiation. On both days, surface temperature was 
substantially above air temperature at most sites, empha­
sizing the influence of surface characteristics in deter­
mining the temperature of the air layer near the ground.
Throughout most of the snowmelt period, continuous 
measurements were made of the radiant energy exchange at 
the surface of a partly vegetated dune to the northeast of 
the main instrument cabin (Fig. 8). During the first
few days of measurement there was a shallow but relatively
complete snow cover under the sensor and net radiation 
amounted to about 200 ly/day (Fig. 19). By May 15, the snow
cover was rapidly deteriorating and the net radiation
increased because of the decline in albedo. There was 
little variation in the incoming longwave radiation after 
the first few days and even during the cloudless days of 
early June, 450 ly/day were received at the surface.
Distinct diurnal variations were noted and there 
were also considerable differences between clear and 
cloudless days. May 10 was essentially cloudless (Fig. 20) 
with nearly 80 ly/hr (both shortwave and longwave) reaching 
the surface around solar noon. Of this 80 ly/hr nearly 
90% was shortwave radiation. When the sun was high in the 
sky the net radiation was substantial, amounting to nearly 
30 ly/hr around solar noon. During the evening and early
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Fig. 19. Daily Radiation Balance at Surface of 
Partially Vegetated Dune
morning hours the radiation balance was negative. This 
situation existed for nearly 10 hours on May 10. For 
nearly 8 hours the incoming solar radiation alone exceeded 
the amount of radiant energy emitted and reflected by the 
surface. Three days later on May 13, (Fig. 21) there was 
a thick cloud cover present for most of the day. The snow 
cover had begun to deteriorate by May 13, and the radiation 
balance was positive throughout the period although for 8 
hours incoming and outgoing radiant energy exchanges were 
about equal. Despite the lack of a time when the radiation 
balance was negative the total net radiation for the day 
was only 100 ly and never exceeded the rate of 10 ly/hr.
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Fig. 20. Surface Radiation Balance, May 10
The incoming longwave component was greater than on May 10, 
and throughout the entire day incoming shortwave radiation 
never exceeded the amount of outgoing radiant energy. The 
radiative fluxes were mostly less than on May 10, and the 
diurnal variation was lower.
Because of the considerable local relief in the dunes 
the depth of the snow cover was highly variable. The depth 
of the snow \tfas only a few cm on the dune crests and as 
much as 2 m in the dune blowouts. On April 27, the depth 
of the snow was measured along a transect which extended 
north from Bench Mark Fork at Putu (Figs. 3,22). This 










down a gentle dune slope, across a polygon field and 
Landing Lake, ending on the south side of a dune. The 
top of the dune near Bench Mark Fork had little snow but 
the depth of the snowpack rapidly increased as one pro- 
ceeded down the north face of the dune through willows 
about 1 m in height. One month later, on May 25, most of 
the snow was gone from the dune although the original 
depth of the snow on the north slope was greater than that 
found on any other part of the transect. There was also 
some thawing of the surface, as much as 60 cm in one 
location. There was some snowmelt along the rest of the 
transect but both proportionally and absolutely there was
Incoming Allwave Radiation 
Outgoing Allwave Radiation 
Incoming Shortwave Radiation 
Net Radiation
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Fig. 21. Surface Radiation Balance, May 13
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1 Moon depth of tnowpack, April 27
2  Mean depth ot anowpack, May 25
3  Mean depth ot standing water. May 25
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Fig. 22. Snow Depth and Surface Thaw, April-May
more snowmelt on the dune near the beginning of the 
transect. This more rapid melt occurred because soon after 
the initiation of snowmelt on the dune, bare sand was 
exposed. This sand acted as a local source of sensible 
heat for snowmelt. In addition, with the lowering of the 
snow surface along the north slope of the dune, willow 
branches protruding through the snow aided in albedo 
decline.
During the time snow was melting on the dunes there 
was variation in the rate and manner by which the snowpack 
melted. Once parts of the dunes were clear of snow many 
of the remaining snowpatches melted at a faster rate from
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the side than they did from the top down. The transport of 
sensible heat horizontally from adjacent areas free of 
snow was often more important in these instances than the 
absorption of solar radiation by the snow surface. This 
process was especially noted in late May when the dune 
surface was rapidly being cleared of snow (Figs. 23,24).
Fig. 23. Isolated Snowpatch on Dune
Patterned Ground
The snow cover was removed from the patterned ground 
(in particular the polygon fields) several days after it 
was removed from the dunes, sandbars and mudflats. Despite 
the fact that removal on a large scale did not begin until 
the last few days in May, it was almost completed within 
one week. The decline in albedo was as rapid as it was 
for the other sites (Figs. 17,25). The increase in the
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Fig. 24. Melting Snowpack on Putu Bar at Base of Dune
Fig. 25. Albedo Measuring Installation in Polygon Field
radiant energy absorbed at the surface was utilized in 
melting any remaining snow and ice and also in evaporating 
the standing water which was present. Thawing of the 
surface took place slowly because of the high moisture 
content of the soil and the insulating mat of vegetation.
Five non-dune sites (Tables 4,5, sites 6-10) were 
visited on May 29 and 31 to determine the variation in net 
radiation, surface temperature and surface emissivity. 
There were considerable differences between the two days 
among the various sites. On May 29, with an overcast sky 
the most net radiation was measured on a well drained site 
(site 6) covered with a mixture of grass and willows. The 
highest surface temperature was also measured at the same 
site. The least amount of net radiation was measured on a 
clean snow surface (site 10). The high albedo of the snow 
at site 10 resulted in the reflection of most of the inci­
dent solar radiation. Surface temperatures at all sites 
were generally lower than those measured in the dunes, 
reflecting the utilization of available net radiation to 
melt the snow cover, raise the temperature of surface 
water, and evaporate some of the available moisture. Two 
days later there was a substantial change; most areas had 
higher surface temperatures. The least amount of net 
radiation measured was at site 7 which was a polygon ridge 
covered with grass and some lichens. The surface tempera­
ture was higher than for the other 4 sites and the albedo 
was also a bit higher because of the smooth surface and
light color of the grass. Again, the most noteworthy fea­
ture is the extreme variability of the readings over both 
space and time.
The mean depth of the snow in the polygon field 
northwest of the field camp (Fig. 22) was less than in 
.the dunes. There was considerable variation in snowdepth 
with greater accumulations in the polygon centers than on 
the ridges. Between April 27 and May 25, there was not 
much deterioration in the snowpack but in the week follow­
ing almost all snow was removed. During this one week 
period and for a few days thereafter there was much stand­
ing water present on the polygon field because of the poor 
drainage (Fig. 26). Some meltwater flowed from the dunes
Fig, 26. Standing Water on Tundra, May 28
on top of the ice wedges in the polygonal troughs, 
accumulating on the tundra. The snow was first removed 
from the polygon ridges where it was thinnest but after 
just a few days it was removed from the polygon centers 
as well. There was almost no thawing of the surface. On 
May 25, only slight thawing was evident along the transect 
and in no instance was the thaw depth greater than 2 cm.
Lakes
During prebreakup the least climatic change took 
place on the lakes. Except for the smaller lakes the snow 
was not removed until the very end of the period and the 
ice itself remained largely intact. There was some 
accumulation of water around the larger lakes due to 
snowmelt runoff from the surrounding tundra. Most of the 
ice had been removed from the small lakes by the end of 
prebreakup. The lakes have a small surface area and the 
ice is often less than 2 m thick. They are strongly 
influenced by the energy balance of surfaces immediately 
adjacent to them and sensible heat is transported to the 
lake surfaces by both the atmosphere and meltwater.
Delta Front
Floodwater did not reach the delta front until May 
29 (Walker, 1974). Previous to that time, some melting of 
the snow that was on top of the bottomfast ice led to
A
considerable puddling. After May 29, river water rapidly 
spread out over the delta front, reaching its maximum
extent by the beginning of the breakup period. The rapid 
influx of water (Fig. 27) resulted in a lowering of the
mmd
Fig. 27. Prebreakup Flooding at Delta Front
albedo, increasing the amount of energy absorbed at the 
surface. Most of the increase in the amount of radiation 
absorbed at the surface and the sensible heat brought into 
the area by the floodwater went toward melting the bottom- 
fast ice.
The Breakup Period 
Breakup began at the apex of the Delta on June 3 and 
at the delta front on June 5. The breakup period normally 
takes place over a 2-day period at any given location in 
the Delta. Therefore, the period from June 3 through 
June 6 is considered to be the breakup period in 1971.
River
During breakup river water covered extensive areas 
of the Delta including all sandbars, mudflats, the delta 
front, and some of the lakes and patterned ground 
(Fig. 28).
The direct effect of flooding on the energy balance 
of the Delta was twofold. First, there was a decrease in 
the albedo to values of around 10%. The decline in albedo 
was often very.rapid because the water level rose quickly 
to maximum stage on June 3. In some cases where snow was 
covered by river water this decline in albedo was from 
about 80% to 10%. The second effect was the increase in 
the amount of sensible heat in the Delta because of the 
additional heat brought in by the floodwater. During the 
period of prebreakup flooding (Table 2) water temperatures 
were low because of the presence of snow and ice in the 
distributaries. These low temperatures continued during 
the early part of breakup. At this time there were many 
blocks of ice in the River, most of which showed consider­
able deterioration (Fig. 29). Late in the breakup period, 
after most of the ice moved downstream from Putu, water
temperatures rose. On June 5, despite the decrease in
12discharge from June 3, there were nearly 4 x 10 “kcal 
(assuming 0°C as a base) being carried past Putu (Fig. 30) 
Those areas of the Delta covered by floodwater at 
the beginning of breakup had much more net radiation than 
the other environments in the Delta (Table 6), largely
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Fig. 28. The Colville Delta During Maximum Flooding, 
June 3, 1971, with Representative Albedos (Peake and 
Walker, 1976)
Fig. 29, Deteriorating Ice Blocks During Breakup Flooding
because of the lower albedo of the water. On June 3,
there were 485 ly available at the surface. Based on
evaporation measurements and the temperature difference
between the air and water it was estimated that two thirds
*
of the net radiation was utilized in raising the tempera­
ture of the water. The remainder of the net radiation 
went into providing the latent heat of vaporization and 
fusion. The temperature difference between water and air 
was not enough to permit much transfer of sensible heat in 
either direction.
Sandbars and Mudflats
During breakup the sandbars and mudflats were 
entirely covered with floodwater. Snow that still re­
mained was soon melted by the transfer of sensible heat 
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Fig. 30. Discharge and Heat Transport of Colville 
River, Spring, 1971
resulted in the covering of some snowpatches, preserving 
them from further deterioration until later in the season.
Dunes
By the time of breakup the snow had been removed 
from the dunes (Fig. 31) with the exception of the small 
patches that remained in the troughs. Once free of snow 
the dune surface dried out rapidly. Surface moisture 
evaporated or seeped downward into the sand. Host of the 
net radiation which was high during breakup (Table 6), 
went toward heating the air. The remainder thawed the
TABLE 6
SURFACE ENERGY BALANCE FOR VARIOUS DELTAIC ENVIRONMENTS
JUNE 3, 1971 
(in ly/day)
Snow Snow Non 
Flooded Floating Free Covered Flooded Weighted
Positive Areas Ice Tundra Tundra Lakes MeanFluxes (390)2 (6)3 (150)3 (25)3 (29)3
shortwave
radiation 695 695 . 695 695 695 695
longwave




radiation 70 380 105 350 520 115
longwave
radiation 600 585 620 ' 585 585 604
Net
Radiation 485 190 430 220 50 436
LE 180 205 240 235 65 192
G 305 10 20 10 10 204
H 0 -25 170 -25 -25 40
■^Largely dunes and some patterned ground
^Walker (1974), in km^
3 2Estimated, in km
See notes 3-5, Table 3
Fig, 31. Dunes at Putu During Breakup
ground and melted the remnants of the snowpack. Based on 
soil temperature measurements there is little net transfer 
of sensible heat into the soil on any given day but it is 
considerable over the entire snowmelt period. This 
sensible heat is not lost to the Delta but goes into 
storage for the summer and is transmitted upvrard to the 
surface in fall. The thaw layer is an energy reservoir, 
receiving heat from the surface during spring and early 
summer and transmitting it up to the surface in late 
summer and fall. There are day to day variations, espe­
cially in the upper few cm, reflecting the varying 
intensities of insolation and air temperature. Given the 
variable depth of the thaw layer and soil composition 
there is considerable variation in sensible heat storage 
throughout the Delta. At Putu, beneath the bare dunes,
by the end of June there is stored about 500 ly, which is 
the equivalent of the total net radiation accumulated at 
the surface in one day. In addition there is some latent 
heat contained in moisture beneath the surface which may 
total 200 ly or more depending on the degree of saturation 
of the sand.
Patterned Ground
During breakup most of the patterned ground was free 
of snow. The surface was partially s. ated because of 
local snowmelt, runoff of meltwater irom uigher ground, 
and inundation by floodwater. Most of the available net 
radiation went toward evaporating the standing water al­
though in the drier areas some was transferred to the 
atmosphere as sensible heat. There was little evidence 
of rapid thaw of the surface at this time.
Lakes
By the time of breakup the lakes were largely clear 
of snow. Many lakes were inundated by floodwater which 
resulted in a lowering of the albedo. The increased 
amounts of solar radiation absorbed at the surface and 
the sensible heat added to the lakes by the floodwater 
aided in the deterioration of the ice. The ice on many 
of the larger lakes, especially those not tapped by the 
River, showed little sign of deterioration. The albedo of 
the non-flooded lakes declined as meltwater accumulated 
on the surface but nonetheless remained substantially
higher than elsewhere in the Delta. Any net radiation 
at the surface went toward providing the latent heat of 
fusion. Nearly 15,000 ly were required to melt the 2 m 
thick ice cover. Based on estimates of net radiation made 
on June 3 (Table 6), the ice was melting at the rate of 
less than 1 cm/day. There was some conduction of heat 
from the air. Meltwater from the surrounding tundra also 
added some sensible heat to the lakes which aided in the 
melt of ice around the lake edges. The total amount of 
energy necessary to melt the ice on the lakes was nearly 
20 times more than that needed to melt the snow cover in 
other areas of the Delta.
Delta Front
By June 4, the floodwaters of the Colville had
2spread out over the delta front, covering nearly 630 km 
of sea ice (Walker, 1974). Initially the water flowed 
over the bottomfast sea ice but about 10 km off the coast 
the water flowed through drainage holes or moulins and 
continued to flow northward under the sea ice. During 
this time considerable amounts of sensible heat were 
brought into the area by the River. In addition a great 
deal of sediment was deposited on the bottomfast sea ice, 
hastening its melt by lowering the albedo (Fig. 32).
Fig. 32. Moulins and Sediment Covered Sea Ice
The Postbreakup Period 
The postbreakup period began on June 7, by which 
time all of the river ice which was not grounded had been 
removed from the Delta. Postbreakup lasted until June 15, 
when the summer flow regime was established. The entire 
period was marked by gradually decreasing discharge. As 
the river level declined the sandbars and mudflats and 
other areas that had been covered by the floodwater were 
exposed and began to dry.
River
The area occupied by river floodwater decreased 
during the entire period. With its low reflectivity the 
River absorbed substantial amounts of radiant energy.
There was no increase in water temperature during post­
breakup. Most of the available net radiation provided the
latent heat of vaporization or was transported seaward 
as sensible heat. The recession of the floodwater exposed 
surfaces which generally had a higher albedo than water. 
This recession served to increase the albedo of the Delta 
and decrease the amount of radiant energy absorbed at the 
surface.
Sandbars and Mudflats
With the decline in discharge sandbars and mudflats 
were exposed. The sandbars and mudflats were saturated 
with water and contained occasional pieces of ice that 
were stranded when the floodwater receded. There was 
little vegetation on the sandbars and mudflats. The 
reflectivity of the surface varied with the degree of 
saturation. Available net radiation went toward heating 
the air, evaporating the water, and heating the ground 
in roughly equal proportions (Table 7).
Dunes
By the time postbreakup flooding had commenced the 
dunes were almost entirely free of snow. Seepage of 
meltwater and evaporation had removed most of the moisture 
from the surface leaving it dry. As a result, most of the 
net radiation (particularly in those parts of the dunes 
free of vegetation) went toward heating the ground surface 
and the atmosphere. Surface temperatures on the dunes 
(Fig. 33) were much higher than the air temperatures 
measured in a nearby weather shelter and reached 40°C on
TABLE 7
SURFACE ENERGY BALANCE FOR VARIOUS DELTAIC ENVIRONMENTS
JUNE 15, 1971 
(in ly/day)
Water Unveg. Veg. Ice on Weighted
Positive Bodies Areas Areas Lakes Mean
Fluxes (90 km2)l (90 km2)l (402 km2)l (18 km2)l
shortwave
radiation 625 625 625 625 625
longwave




radiation 60 125 95 250 99
longwave
radiation 630 730 675 585 674
Net
Radiation 480 320 405 340 402
LE 180 90 120 390 133
G 350 100 100 0 134
H -50 130 185 -50 134
■^Estimated
See notes 3-5, Table 3
June 7. 1However, the temperature of the air 7.5 cm above
the dune surface and the temperature of the sand 7.5 cm
below the surface also exceeded the air temperature at
shelter level most of the time. During the low sun period 
dune surface temperatures fell but only occasionally did 
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Fig, 33. Dune Temperatures in Early June
dune surface, air temperatures were almost always several 
degrees C above the air temperature during the day. As 
expected the temperature of the sand beneath the surface 
showed less of a diurnal variation than the other sites 
and peak temperatures were measured several hours after 
the time of maximum air temperature.
Patterned Ground
During postbreakup there was evaporation of surface 
water from the polygon fields, which were saturated.
Surface and sub-surface temperatures were not high because 
of the evaporation of water and the presence of an in­
sulating mat of organic matter,
Lakes
The deterioration of ice on the non-flooded deep 
lakes occurred during and after the postbreakup period 







Fig. 34. Location of Lakes in the Vicinity of Camp Putu
TABLE 8
LAKE ICE SURVEY 
(PERCENT OF SURFACE COVERED BY ICE)
Lake June 12 June 16 June 20 June 26 June 29 July 1 July 3
1 0 0 0 0 0 0 02 30 60 40 (4) 0 0 0 0
3 0 (2) 0 0 0 0 0 0
4 90 90 90 15 0 0 0
5 20 (3) 10 0 0 0 0 06 90 90 90 10 0 0 0
7 90 80 80 40 30 30 18 90 90 90 60 20 20 0
9 90 90 90 40 0 010 90 90 70 0 0 0 011 10 0 0 0 0 0 012 10 0 0 0 0 0 0
13 50 20 10 0 0 0 0
14 10 0 90 (5) 0 0 0 0
15 0 0 0 0 0 0 0
16 70 50 10 0 0 0 0
17 0 0 0 0 0 0 0
18 90 90 90 0 0 0 0
19 80 80 80 30 10 0 020 90 90 90 30 0 0 021 90 90 90 50 10 0 0
^Bottomfast ice rose to the surface on June 13,
covering 40% of the surface on June 13, 60% on June 14, 
and 75% on June 15.
9“Bottomfast ice rose to the surface on June 14 and 15.
3Bottomfast ice rose to the surface on June 13, 
covering 50% of surface.
^Ice cover diminished to 10% by 1500 on June 21.
5Bottomfast ice rose to surface.
NOTE: All lakes are identified in Fig. 34.
most lakes during the prebreakup period and the ice on the 
lakes melted slowly from the sides. On the larger lakes, 
this deterioration occurred over a period of about 2 
weeks until some 10% of each lake's surface was free of
ice. The main body of ice on each lake was subject to melt 
during this two week period but remained one coherent mass. 
Many of the ice surfaces were convex upward because of the 
expansion of ice during freezeup and were kept free of 
standing water.
The final stages of lake ice removal occurred very 
rapidly. While melt was taking place around the sides, 
the main body of ice began to weaken and drainage holes 
were created in the surface. The ice then began to break 
into smaller pieces. Complete removal usually took place 
within a few days after the breakup of the ice.
Landing Lake ( Fig. 3, Fig. 34-lake 4) was closely 
monitored during the month of June. About 1000 m long by 
200 m wide, its ice cover melted very slowly until June 25, 
at which time it was totally removed within a period of 
3 days (Fig. 35). The ice retreated rather uniformly from 
the sides. A small cliff about 20 cm high was evident on 
the sides and a niche developed at the waterline. Small 
pieces dropped off and rapidly melted in the open water 
(Fig. 36). Between June 5 and June 15, melting took place 
slowly and the area covered by the ice diminished only 
slightly. However, the main body of ice was deteriorating 
and drainage holes appeared in the ice. After June 15, 
the rate of melt increased and on June 25, the ice broke 
up and moved to the southwest end of the lake. The 
accumulation of ice at the southwest end was caused by 
strong northeast winds. The wind caused the pieces of ice










Fig. 35. Ice Melt on Landing Lake
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Fig. 36. Border of Ice on Landing Lake, June 17
to jostle one another, breaking them up into even smaller 
pieces. With a greater surface area exposed to the water, 
melting of the remaining ice proceeded rapidly. By mid­
night on June 27, there was no ice on Landing Lake.
On the smaller lakes in the Delta, ice melt takes 
place earlier than on the larger lakes. In 1971, during 
June, the temperature of the snow cover and the water of 
Putu Pond was measured (Figs. 3,37). Putu Pond is a 
perched intradune pond located near the field camp. The
Pond is elliptical in shape and occupies the center of a
2basin 96 m long and 31 m wide with an area of 2,060 m .
2Following snowmelt the pond water occupies 310 tn (Walker 
and Harris, 1976). With the removal of the ice, the water 
temperature rose, reaching 14°C on June 23. There was 
much less diurnal variation in the mean daily water
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Fig. 37. Snow/Water Temperature in Putu Pond
temperature than in the air temperature, the former being 
about 3°C. After June 8, the mean daily water temperature 
was higher than the mean daily air temperature on most 
days.
With the complete removal of the lake ice, the albedo 
of the lakes declined and more energy was absorbed. As 
the water temperature in the larger lakes did not rise far 
above 0°C, less longwave radiation was emitted upward than 
in other environments. With the low albedo and the possi­
bility for heat transfer from the air, much energy was 
stored in the lakes at this time. A lake with a depth of
2 m and a mean water temperature of 4°C would contain
800 cal of sensible heat (assuming 0°C as a base) for
each cm of surface. In addition there is the latent
heat contained in the water which is the equivalent of
216,000 cal for each cm of surface. As a result of this
latent and sensible heat storage the lakes of the Delta
contain more energy than any of the other deltaic 
environments.
Delta Front
9According to Walker (1973b) there were some 265 km 
of open water at the delta front on June 9. These open 
water areas were found seaward of the major distributaries, 
especially the East Channel. There was little indication 
that the bottomfast sea ice that had covered the area was 
rafted away; therefore most of it must have melted between 
May 31 and June 9. Assuming the ice was 1 m thick it
would have taken 7200 ly to melt it. Between May 31 and
June 9, some 5400 ly of solar radiation were absorbed at 
the surface. Not all of this absorbed radiation was 
available for melting the ice because much of it, once 
absorbed, was reradiated upward. Air temperatures along 
the coast were low and very little sensible heat could 
have been transferred from the air. The only other source 
of energy capable of melting the ice was the sensible heat 
brought into the region by floodwater. To remove ice 1 m
9 13thick from 265 km would require 2 x 10 kcal. Assuming
that absorbed solar radiation accounted for one third 
of the energy utilized in melting the sea ice, the 
remainder could have been supplied by the River -between 
May 31 and June 7 (Fig. 30).
There was other evidence near the delta front of the 
unique delta climate during this period. On June 6, at 
the beginning of the postbreakup period, Thetis Island 
was visited for a short time. Thetis is a narrow island 
with a sand and gravel surface lying about 10 km to the 
northeast of the East Channel and several km beyond the 
maximum extent of floodwater. On June 6 the island was 
surrounded by snow covered sea ice and still had some snow 
on its surface. At both 1000 and 1400 the air temperature 
at Thetis Island was 3°C. At the same time Putu, about 
45 km to the southwest, had air temperatures of 12°C and 
14°C respectively.
SUMMER
Once flooding ceases and the Colville is established 
in its summer flow regime, few major changes occur in the 
appearance of the various environments or in their 
climatic characteristics. A few patches of snow remain 
in protected areas and some ice remains on the larger 
lakes, but both are mostly gone by the end of June. With 
these exceptions, all of the major microclimatic changes 
associated with snowmelt and river flooding have come to 
an end.
During summer some variations exist in the climatic 
characteristics of the different environments, mostly 
because of differences in topography, vegetation, and 
surface moisture. The differences that exist between and 
within the different environments, however, are not so 
great as in spring. With energy no longer going into the 
melting of snow and ice, large amounts of heat are stored 
under the surface of the Delta as indicated by the in~ 
creasing depth of the thawed layer and higher water 
temperatures. By early July, however, equilibrium is 
reached for most environments and the inflow and outflow 
of energy is in balance although the total amounts vary 
from day to day.
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SUMMARY
The characteristics of the climate near the surface 
are a function of the interrelationships that develop 
between the atmosphere and surface forms, materials, and 
processes. Of particular importance in this relationship 
is the manner of energy exchange between the atmosphere 
and the surface. The climate of the surface is constantly 
changing because of variations in the direction and magni­
tude of the different energy exchanges. Differences in 
the energy exchange at any one site are normally caused 
bv variation in the inout of solar variation on both a
wf J.
diurnal and seasonal basis. The surficial form and mate­
rials are also important in regulating the energy exchange 
but they are less subject to rapid change in a manner 
that would affect the exchange of energy. When there is 
a sudden change in surface form it is often due to 
atmospheric and hydrologic processes, e.g. snowfall and 
flooding, and not to morphological activity at the surface.
Within the Colville Delta are a number of distinct 
environments, each of which has a unique microclimate for 
at least some portion of the year. During winter 
morphological activity is at a minimum in the Delta and 
the energy exchange between the surface and the atmosphere
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varies little over the Delta. However, in spring, with 
the melting of the snow cover the different environments 
are exposed and the microclimatic variation at the surface 
increases. Snowmelt normally occurs when the snowpack has 
absorbed sufficient radiant energy to initiate the melt 
process. Until this process begins there is little 
variability in the surface climate from place to place. 
Although some snowmelt occurs by absorption of insolation, 
throughout the Delta there are other snow-removing 
processes which are more important.
At the same time snowmelt is beginning, substantial 
amounts of water and sediment begin to pass through the 
Delta from the drainage basin. As the water level rises 
much of the Delta snowpack is removed by transfer of 
sensible heat from the water which overlies the snow. In 
addition much of the bottomfast sea ice at the delta 
front is removed and the albedo in many areas of the 
Delta is lowered. Even parts of the Delta not covered 
by floodwater are clear of snow several days before the 
surrounding tundra. This phenomenon is made possible by 
the transfer of sensible heat from the River to the 
atmosphere and by the heating characteristics of the 
sand dunes, a surface feature developed indirectly as a 
result of the hydrologic regime of the River.
It is the influence of a morphological process, 
i.e. flooding which initiates the surface changes that 
lead to the establishment of different microclimates. It
is the effects of this morphological process that set the 
Delta apart from other areas in Northern Alaska.
The processes described are not necessarily unique 
to the Colville and probably occur in other arctic deltas. 
However the Colville Delta, with its intense hydrologic 
activity in spring, is an excellent site to study the 
energy exchange relationships between the atmosphere and 
the changing surface.
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APPENDIX A
Hourly Air Temperature Readings At Putu
(in °C.)
April 20, 1971 to June 30, 1971
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Time 4/20 4/21 4/22 4/23 4/24 4/25 4/26 4/27 4/28
0000 -25.6 -23.1 -15.8 -20.6 -21.4 -17.2 -16.1 -10.8
0100 -25.6 -22.8 -16.7 -21.4 -21.7 -16.9 -16.9 -12.2
0200 -27.2 -23.3-18.3 -21.7 -21.1 -17.8 -18.3 -13.3
0300 -27.5 -23.9 -18.9 -21.7 -18.1 -21.7 -14.7
0400 -27.2 -24.4 -20.6 -21.4 -20.6 -18.3 -21.1 -15.6
0500 -27.2 -23.9 -20.8 -21.4 -20.0 -18.3 -20.0 -16.7
0600 -27.2 -23.6 -20.3 -21.1 -19.4 -18.3 -18.6 -17.8
0700 -25.8 -22.2 -18.6 -19.4 -19.4 -17.8 -17.2 -17.5
0800 -24.4 -21.1 -17.2 -18.3 -18.3 -16.7 -15.3 -16.9
0900 -22.5 -20.0 -16.4 -16.7 -16.9 -15.6 -13.9 -15.8
1000 -21.9 -18.6 -15.3 -15.0 -15.8 -15.3 -12.8 -15.0
1100 -20,6 -17.5 -14.2 -14.2 -15.0 -15.0 -11.1 -14.7
1200 -19.4 -15.8 -13.9 -13.3 -13,6 -14.2 - 8.9 -15.0
1300 -18.9 -14.4 -13.3 -12.8 -13.9 -14.2 - 7.2 -15.0
1400 -18.3 -13.6 -13.1 -11.9 -13.1 -14.2 - 6,7 -15.0
1500 -19.4 -18.1 -12.8 -12.8 -11.9 -13.1 -13.9 - 6.4 -15.0
1600 -19.4 -18.1 -12.8 -13.3 -11.7 -13.6 -14.2 - 8.9 -15.0
1700 -19.4 -18.1 -12.5 -13.3 -11.7 -14.4 -14.2 - 8.9 -15.3
1800 -20.0 -18,6 -11.9 -14.2 -12.2 -14.2 -14.7 - 8.9 -15,8
1900 -21.4 -18.9 -11.9 -15.3 -13.3 -14.4 -15.6 - 8.9 -16.9
2000 -23.1 -19.7 -12.2 -16.9 -16.9 -15.6 -15.8 - 8.9 -18.1
2100 -23.3 -21.1 -13.1 -17.5 -20.6 -16.9 -15.3 - 9.2 -18.3
2200 -23.9 -21.9 -13.9 -18.3 -21.1 -16.9 -15.6 - 9.4 -19.4
2300 -25.0 -22.2 -15.0 -19.4 -21.1 -18.3 -15.6 -10.3 -21.1
Max. -18.1 -11.9 -12.8 -11.7 -13.1 -13.9 - 6.4 -10.8
Min. -27.5 -24.4 -20.8 -21.7 -21.9 -18.6 -21.7 -22.5
Mean -22.8 -18,2 -16.8 -16.7 -17.5 -16.2 -14.0 -16,6
NOTE: From April 20 to 0200 April 25 all times are
Alaska Standard Time. After April 25 at 0200 all times 





























4/29 4/30 5/1 5/2 5/3 5/4 5/5 5/6 5/7
-22.,2 -20.,6 -21,7 -23,,3 -17,,8 -17,,5 *001-11 -16,,9 -15.,0
-23,,6 -20,8 -21.,7 -24..2 -17.,8 -17..8 -19.2 -16.,9 -15.,3
-24,,7 -21,7 -21.7 -23.,9 -16.,9 -17,,8 -19.7 -17,,2 -16.,1
-25.,3 -21.,9 -21.,9 -23.,1 -17.,2 -17.,8 -20.0 -16,,9 -17..8
-25,,6 -21.,9 -22,2 -22.,2 -17.,2 -17,,8 -20.6 -16.,9 -17.,8
-22.,2 -21.,9 -22.,2 -22.,2 -17.,5 -17,,8 -20.8 -16..7 -18.,1
-20.,0 -21.,7 -21,,9 -21.,7 -17,,8 -17.,8 -20.6 -16,,7 -17.,8
-19.,4 -21.,4 -21.,4 -21.,7 -17.,8 -17,,5 -20.0 -16.,4 -17.,5
-18.,9 -21.4 -21.,1 -20,0 -17.,8 -17,,2 -19.2 -16.,1 -17.,2
-18..9 -21.,1 -21.,1 -19..2 -17.,2 -16,,9 -18.3 -15,,6 -16,,7
-18.,3.-20,6 -21,.1 -16.,7 -16.,4 -16,.7 -17,8 -15..0 -16.,1
-16.,9 -19,,7 -20,.8 -15,.0 -16,,1 -16,,4 -16.7 -14,.4 -15.,6
-17,,5 -19..2 -20,0 -15,.8 -16,,1 -16,.4 -16.1 -13,.3 -14.,7
-17,.2 -18..6 -19.J -16,,1 -16,,1 -16,,4 -15.6 -13,.1 -14,,4
-17..5 -18,,1 -19..2 -16,.1 -15,.8 -16,.7 -15,0 -12,8 -13,,9
-17,,2 -16.,7 -18,.9 -15.,6 -15,,8 -16,.4 -14.4 -12.2 -13..3
-16.,9 -17,,8 -18.,6 -15,.6 -16,,1 -16,,7 -14.4 -11.9 -13.,3
-16,,9 -17,.8 -18.,3 -15,,6 -16,.1 -16,,7 -14.4 -12.2 -13,.3
-17,,8 -18,.3 -18,.9 -15,.8 -16,.1 -17..2 -14.7 -12,5 -13,,6
-18,.9 -18,.1 -18,,6 -16,.4 -16,.1 -17,,2 -14.7 -12,8 -13..9
-20,.6 -19,.2 -19,,7 -16,,7 -16,.7 -17,.2 -15.3 -12,.8 -14,,4
-20,0 -20. 6 -21,4 -16,.4 -16,.9 -17,.8 -15.8 -13,.1 -15,,6
-20,.0 -21,7 -22, 5 -16,.9 -17,,2 -18,,3 -16.7 -13,,6 -17,,2
-20,.3 -21,.7 -22,3 -17,.8 -17,.2 -18,.6 -16.7 -13,.9 -18.,9
-16,.9 -16,.7 -18,.3 -14,.4 -15,.6 -16,.1 -14.2 -11,.9 -13,.3
-25,.6 -22,.2 -23,.9 -24,.4 -17,.8 -18,.9 -20,8 -17,.2 -18,.9
-21,.2 -19,.4 -21.1 -19,.4 -16..7 -17,,5 -17.5 -14,.6 -16,,1
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Time 5/8 5/9 5/10 5/11 5/12 5/13 5/14 5/15 5/16
0000 -17.8 -19.4 -10.6 -15.8 - 8.6 - 9.2 - 7.2 3.9 - 4.2
0100 -18.9 -20.0 -10.6 -15.6 - 8.9 - 9.2 _ 7.2 - 4.4 - 4.4
0200 -19.2 -20.3 -14.4 -15.0 - 8.9 - 9.4 - 7.2 - 4.4 - 4.4
0300 -19.2 -20.6 -16.1 -14.2 —* 8.9 - 9.7 - 7.2 - 4.7 - 4.7
0400 -18.6 -20.0 -16.9 -13.9 - 9.2 -10.0 - 7.2 - 4.7 - 4.7
0500 -18.1 -18.9 -17.2 -13.3 - 9.2 -10.3 - 7.2 - 5.0 - 4.7
0600 -17.5 -18.9 -15.6 -13.3 - 9.2 -10.6 - 6.7 - 5.0 _ 4.7
0700 -15.8 -17.8 -13.3 -13.9 - 9.2 -10.3 - 6.7 - 5.0 - 5.0
0800 -15.0 -15.6 -13,6 -13.3 - 8.9 -10.0 - 6.1 - 3.9 - 4.4
0900 -14.7 -13.3 -11.7 -11.9 8.6 - 9.4 - 5.6 - 4.4 - 3.3
1000 -14.2 -11.9 -10.0 -10.8 - 8.3 - 8.9 - 5.0 - 3.3 - 2.5
1100 -13.9 -11.1 - 7.8 -10.3 8.1 - 8.6 4.2 - 3.1 - 1.7
1200 -13.3 -10.0 - 8.3 - 9.4 - 8.1 - 8.3 - 3.6 - 3.1 - 1.1
1300 -12.8 - 9.7 - 8.6 - 9.2 - 7.5 - 8.1 - 2.8 - 1.4 - 0.6
1400 -12.2 - S.3 - 8.6 - 8.9 - 7.2 - 8.1 - 2.2 - 2.2 - 0.6
1500 -11.4 - 7.2 - 8.9 - 8.6 - 7.2 - 7.8 - 1.7 - 1.9 0.0
1600 -11.9 - 7.8 - 8.9 - 8,1 - 7.2 - 7.8 - 1.7 - 1.7 - 0.6
1700 -12.2 - 7.2 - 9.2 - 7.8 - 7.2 - 7.8 - 2.2 - 1.7 - 0.6
1800 -12.2 - 7.2 - 9.4 - 7.8 - 7.2 - 7.8 - 2.2 - 2.2 - 1.1
1900 -12.3 - 7.8 -10.0 - 7.8 - 7.5 - 7.5 2.2 - 3.1 - 0.8
2000 -13.3 - 8.1 -10.6 - 8.1 - 7.8 - 7.2 - 2.8 - 3.3 - 1.4
2100 -15.0 - 9.4 -12.8 - 8.1 - 8.1 - 7.2 3.1 - 3.3 - 1,7
2200 -17.2 -10.0 -14.2 - 8,3 - 8,3 - 7.2 - 3.6 - 3.9 - 1.7
2300 -18.3 -10.3 -15.0 - 8.6 - 8.9 - 7.2 - 3.9 - 3.9 - 1.7
Max. -11.4 - 7.2 - 7.8 - 7.5 - 7.2 - 7.2 1.7 - 1.4 0.0
Min. -19.4 -20.6 -17.2 -16.1 - 9.2 -10.6 - 7.2 - 5.0 - 5.0






























5/17 5/18 5/19 5/20 5/21 5/22 5/23 5/24 5/25
- 1.9 - 4.2 - 3.9 - 4.7 - 3.6 - 3.9 •i—1 - 2.2 - 3.3
- 1.9 - 4.4 - 3.6 - 5.0 - 3.6 - 4.7 0.6 - 2.2 3.9
- 2.2 - 4.4 - 3.6 - 5.3 - 3.6 - 4.4 0.6 - 2.5 - 4.4
- 1.9 - 5.6 - 3.6 - 5.0 - 3.6 - 3.9 0.3 - 2.8 - 3.9
- 2.2 - 5.6 - 3.6 - 5.3 - 3.6 - 3.9 0.0 - 3.1 _ 3.9
- 2,8 - 5.6 - 3.9 - 5.3 - 3.9 - 4.2 - 0.6 - 3.1 - 4.2
- 3.1 - 6.1 - 3.9 - 5.6 - 3.9 - 3.9 0.0 ~ 2.8 - 3.6
- 5.0 - 6.1 - 3.9 - 5.6 - 3.9 - 2.8 0.0 - 2.8 - 2.8
- 6.1 - 5.6 - 4.2 - 5.3 - 3.3 - 1.4 0.3 - 2.8 - 2.8
- 4.7 - 5.6 - 3.9 - 5.6 - 3.1 - 0.3 1.1 - 2.8 - 2.2
- 4.7 - 5.6 - 3.9 - 4.4 - 2.5 1.1 0.8 - 1.4 - 2.2
- 3.9 5.0 - 3.6 - 4.4 - 1.7 1.7 0.6 - 1.1 - 2.8
- 3.6 - 4.4 - 3.3 - 4.4 - 1.1 2.5 1.1 - 0.6 - 2.8
- 3.3 - 4.4 2.8 - 3.9 - 1.7 3.3 1.7 0.0 - 2.8
2.8 - 3.3 - 2.8 - 3.3 - 1.4 3.6 1.1 0.6 - 2.2
- 2.2 - 2.8 - 2.8 - 3.1 - 0.8 5.0 0.3 0.3 _ 1.7
- 1.1 - 2.5 - 3.3 - 3.1 - 0.8 5.0 0.6 - 0.3 - 1.1
- 1.7 - 2.2 - 3.3 - 3.1 - 0.3 5.3 1.4 0.6 - 1.1
- 1.7 - 2.2 - 3.3 - 3.3 0.0 3.9 0.3 - 1.1 - 0.6
- 2.5 - 2.5 - 3.3 - 3.1 - 0.6 2.8 - 0.6 - 1.4 - 0.6
- 3.1 - 2.5 _ 3.9 - 3.3 - 0.8 3.1 - 1.1 - 1.7 - 0.6
- 3.1 - 2.8 - 4.2 - 3.3 2.2 2.2 - 1.4 - 1.9 - 0.8
- 3.3 - 2.8 - 4.4 - 3.3 - 2.8 1.7 - 1.4 - 2.5 - 1.1
- 3.9 - 3.1 - 4.7 - 3.6 - 3.3 0.8 - 1.7 - 2.8 - 1.7
- 1.1 - 2.2 - 2.2 - 2,8 0.0 5.6 1.7 0.6 - 0.6
- 6.1 6.7 - 4.7 - 5.8 - 3.9 - 4.7 - 2.2 - 3.3 - 4.4





























5/26 5/27 5/28 5/29 5/30 5/31 6/1 6/2
1.9 - 1.4 - 2.8 - 2
2.2 - 1.7 - 3.3 - 3
2.5 - 1.7 - 3.6 - 3
2.8 - 1.7 - 3.6 - 3
2.2 - 1.9 - 3.3 - 3
1.9 - 2.2 - 3.3 - 3
2.2 - 2.2 - 3.1 - 3
1.9 - 2.2 - 2.8 - 2
1.4 - 1.7 - 2.2 - 2
1.1 - 1.4 1.9 - 2
0.6 - 1.7 - <-*•i—[ - 2
0.0 - 1.1 - 0.6 - 1
0.3 0.8 - 0.3 - 2
0.0 - 0.3 0.0 - 1
0.3 - 0.3 a« 0.3 _ 1
0.3 - 0.3 0.0 - 1
0.0 1.1 0.0 - 1
0.0 - i—I •r-H 0.0 - 0
0.6 _ 1.1 - 0.8 - 1
0.6 - 1.4 - 1.1 - 1
0.8 - 1.4 - 1.7 - 1
1.1 - 1.9 - 1.9 - 1









2.8 - 2.8 - 3.6 - 3
1.2 - 1.4 - CO•I—1 - 2
- 1.4 2.8 .0.6 2.2
- 1.4 1.7 0.0 1.4
- 1.4 1.7 - 0.3 1.1
- 1.9 0.8 - 0.3 1.1
- 2.2 0.6 - 0.3 1.7r̂ 0 t—11 0.6 0.0 2.8
- 1.4 0.6 0.0 3.9
0.0 0.6 0.0 5.8
1.1 1.1 0.6 4.7
3.1 0.6 0.6 5.6
3.3 1.1 0.8 5.3
3.9 2.2 1.4 7.2
5.6 3.1 1.1 7.8
5.8 3.6 1.7 9.4
6.7 4.4 1.7 -7.2
6.9 4.2 1.7 6.1
4,4 3.9 2.2 5.6
3.1 3.1 2.5 4.2
3.1 3.3 2.2 4.2
2.5 3.1 1.7 3.6
2.2 2.2 1.7 2.8
2.8 2.2 1.4 2.8
2.2 1.9 1.4 2.5
2.8 1.7 2.2 2.2
7.2 4.4 2.8 9,4
- 2.2 0.3 - 0.3 1.1





























Time 6/4 6/5 6/6 6/7 6/8 6/9 6/10 6/11 6/12
0000 1.7 3.9 7.8 8.1 9.4 3.3 - 0.6 1.1 - 0.6
0100 1.1 3.9 6.7 7.2 7.2 2.8 - 0.8 0.6 - 0,6
0200 1.1 3.3 6.7 7.8 6.1 2.8 - 1.4 0.8 - 0.3
0300 0.8 3.1 6.4 6.7 5.3 2.8 - 1.4 0.8 - 0.6
0400 0.8 3.1 5.0 6.4 5.0 3.1 - 1.1 0.8 - 0.6
0500 1.1 3.3 5.6 6.7 5.0 3.1 - 1.1 0.8 - 0.6
0600 1.4 3.9 6.7 7.8 5.0 3.1 - 0.8 0.3 - 0.6
0700 ‘ 1.7 3.9 7.2 9.2 5.3 3.3 - 0.6 0.3 0.3
0800 2.2 5.6 7.8 11.1 6.1 3.1 - 0.3 0.6 0.3
0900 3.3 7.8 9.4 12.8 7.2 2.8 0.0 1.1 1.1
1000 6.1 8.9 10,6 15.0 10.0 3.3 0.6 1.7 1.4
1100 8.9 11.1 11.9 21.1 11.1 4.4 0.8 1.9 1.7
1200 9.4 12.2 12.8 22.8 12.5 5.6 1.1 2.2 2.2
1300 11.1 13.9 13.1 17.3 13.6 6.1 1.4 2.2 2.2
1400 11.1 13.3 13.9 18.6 12.8 5.0 1.9 3.1 1.9
1500 11.4 14.4 15.6 19.4 12.8 4.4 1.4 2.5 2.2
1600 11.1 13.9 16.1 20.0 12.8 4.2 1.9 2.2 2.2
1700 11.9 13.3 15.0 20.6 11.7 3.9 1.7 2.2 2.8
1800 10.3 13.6 14.4 19.2 10.6 3.1 1.1 1.7 1.9
1900 8.9 12.8 14.4 17.8 9.7 1.7 1.4 1.1 2,2
2000 8.3 12.5 12.8 17.2 8.6 1.1 1.4 0.6 1.4
2100 7.2 11.7 11.9 15.6 6.9 0.6 1.4 0.6 1.1
2200 6.1 10.6 10.6 13.3 5.3 0.0 1.1 0.3 0.8
2300 5.0 8.9 8.9 10.8 4.2 - 0„6 1.1 0.0 0.0
Max. 11.9 14.4 16.4 22.8 13.9 6.1 2.5 3.3 2.8
Min. 0.8 2.8 5.0 6.1 3.3 - 0.6 - 1.7 - 0.6 - 1.1
Mean 6.4 8.6 10.7 14.4 8.6 2.8 0.4 1.4 0.8
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Time 6/13 6/14 6/15 6/16 6/17 6/18 6/19 6/20 6/21
0000 - 1.1 - 0.3 2.2 10.3 5.6 5.0 3.9 2.5 4.4
0100 - 1.7 - 0.6 1.7 9.4 5.0 3.9 3.3 0.8 3.3
0200 - 2.2 - 0.6 1.1 9.4 5.3 2.8 3.1 1.4 2.2
0300 - 2.2 - 0.3 1.1 8.3 4.2 2.8 2.8 1.1 1.9
0400 - 2.2 - 0.3 1.4 8.9 4.4 2.8 2.8 0.8 1.7
0500 - 1.9 - 0.6 1.9 10.0 4.4 3.1 3.1 0.8 1.7
0600 - 1.9 - 0.6 3.1 10.6 5.0 2,5 3.3 1.7 1.7
0700 - 1.9 - 0.6 5.6 12.2 6.7 3.3 3.9 3.9 2.8
0800 - 1.7 - 0.3 8.9 13.6 7.5 2.8 5.0 5.6 3.3
0900 - 1.1 0.3 11.7 14.2 15.3 3.1 6.1 6.7 10.3
1000 - 0.3 1.4 12.8 14.7 14.4 3.3 8.9 8.1 11.7
1100 0.0 2.2 14.7 15.0 11.1 4.4 11.7 9.4 12.2
1200 1.1 3.1 14.7 15.0 11.4 5.3 12.2 10.0 11.9
1300 1.1 3.3 16.1 15.0 13.3 6.4 12.8 11.1 13.3
1400 1.4 4.4 16.7 15.0 12.8 6.4 13.3 11.1 13.6
1500 1.4 5.6 17.5 15.0 12.5 5.8 13.6 11.9 11.7
1600 1.9 5.6 18.1 14.7 11.9 5.8 11.4% 11.7 12.2
1700 1.7 6.1 17.2 13.9 11.7 6.1 9.4 10.6 12.2
1800 1.1 5.6 17.8 13.3 10.0 6.9 8.6 10.0 11.9
1900 1.1 4.7 18.1 12.5 8.9 6.4 6.4 10.6 11.1
2000 1.1 6.1 17.2 10.6 8.3 6.1 4.7 10.3 8.9
2100 1.4 5.0 15.6 9.4 5.6 5.6 3.3 9.4 8.6
2200 1.1 2.8 13,3 9.2 5.0 5.0 2.8 7.8 5.6
2300 0.6 2.5 12.8 6.7 5.0 4.4 2.2 6,4 4.4
Max. 1.9 6.1 18.3 15.6 15.3 6.9 13.6 12.2 13.6
Min. - 0.2 - 0.6 1.1 5.6 4.2 2.2 2.2 0.6 1.7
Mean 0.8 2.8 9.7 10.6 9.8 4.6 7.9 6.4 7.6
94 '
Time 6/22 6/23 6/24 6/25 6/26 6/27 6/28 6/29 6/30
0000 2.8 6.9 8,3 9.7 0.6 3.3 0.6 1,9 1.7
0100 1.4 6.1 6.7 7.8 0.8 2.2 0.0 1.1 1.9
0200 0.8 5.6 5.8 6.7 0.6 1.7 0.0 1.1 1.7
0300 0.6 5.3 5.6 6.7 0.6 1.1 0.0 1.1 1.7
0400 0.6 5.6 5.6 6.7 0.3 1.1 0.3 0.6 1.7
0500 0.8 6.4 5.8 7.2 0.0 1.7 0.6 - 0.3 1.4
0600 1.1 7.5 6.9 7.8 0.3 3.1 2.2 - 0.3 1.1
0700 2.2 8.9 8.3 8.6 0.6 3.9 3.9 0.8 1.4
0800 3.3 10.6 10.0 9.2 0.6 5.6 3.9 1,4 1.1
0900 6.7 12.2 12.2 9.4 2.5 6.7 4.4 2.2 1.7
1000 10.0 13.9 13.1 10,6 5.0 7.8 5.3 2.2 2.8
1100 11.4 16.1 14.4 11.4 7.8 8.3 6.1 2.8 3.1
1200 12.8 17.8 15.0 7,8 8.3 8.3 6.7 3.9 3.9
1300 13.9 18.9 15.6 8.6 8.3 9.7 7.2 5.0 5.8
1400 13.3 19.2 16.4 8.9 8.9 7.8 7.2 5.0 7.2
1500 12.2 19.2 15.8 7.5 9.4 8.9 7.2 6.1 8.3
1600 13.6 19.4 16.1 7.8 10.0 9.2 6.9 5.8 7.8
1700 13.3 19.4 15.6 5.6 8.9 8.6 6.9 5.8 8.1
1800 13.9 17.2 15.6 5.3 8.9 8.3 6.7 5.6 8.3
1900 13.3 14.4 14.4 4.4 8.3 6.7 5.8 4.2 8.1
2000 12.5 13.9 15.6 3.3 7.5 6.1 4.2 3.3 7.8
2100 11.1 11.9 15.3 2.2 6.4 5.0 2.8 2.8 7.5
2200 10.3 11.4 13.6 1.1 5.0 3.9 2.2 2.2 6.7
2300 7.8 10.0 11.4 0.8 4.2 3.3 1.7 1.7 5.6
Max. 14.4 20.0 16.7 11.7 10.0 10.0 * 7.8 6.1 8.3
Min. 0.6 5.3 5.6 0.6 0.0 1.1 0.0 - 0.6 1.1
Mean 7.5 12.6 11.2 6.3 5.0 5.6 3.9 2.8 4.7
APPENDIX B
Six Hour Air Temperature Readings at Oliktok 
April-June, 1971 




)ate Max. Min. Mean . 0200 0800 1400 2000
1 -31.1 -36.1 -33.6 -34.4 -35.6 -31.1 -32.22 -28.3 -36.1 -32.2 -33.9 -34.4 -28.3 -30.0
3 -26.1 -34.4 -30.2 -34.4 -34.4 -28.3 -27.8
4 -24.4 -31.1 -27.8 -31.1 -30.0 -25.0 -27.8
5 -24.4 -35.6 -30.0 -30.6 -35.6 -24.4 -26.76 -26.1 -32.2 -29,2 -29.4 -30.0 -26.1 -27.8
7 -23.9 -35.6 -29.8 -32.2 -34.4 -23.9 -31.78 -25.0 -35.6 -30.3 -35.6 -34.4 -27.2 -25.0
9 -25.6 -36.7 -31.1 -29.4 -31.7 -25.6 -28.310 -24.4 -36.7 -30.6 -36.7 -36.7 -24.4 -25.011 -24.4 -32.8 -28.6 -32.2 -32.2 -2404 -25.612 -20.0 -26.7 -23.3 -26.7 -23.9 -20.0 -20.6
13 -16.7 -22.9 -19.8 -22.2 -22.2 -17.8 -17.2
14 -16.1 -18.3 -17.2 -17.2 -17.8 -17.2 -17.2
15 -16.1 -22.2 -19.2 -16.1 -19.4 -18.9 -19.4
16 -18.9 -23.3 -21.1 -21.1 -23.3 -19.4 -20.6
17 -19.4 -23.9 -21.7 -23.3 -23.3 -20.0 -20.0
18 -17.2 -23.9 -20,6 -23.9 -22.8 -18.9 -17.2
19 -16.7 -23.2 -20.0 -21.7 -22.2 -16.7 -18.320 -15.6 -22.8 -19.2 -22.2 -18.3 -17.2 -15.621 -15.6 -22.8 -19.2 -20.0 -20.6 -15.6 -16.122 - 7.8 -23.3 -15.6 -22.8 -17.8 -11.1 - 8.9
23 - 8.3 -20.0 -14.2 -12.2 -18.9 -13.3 -12.2
24 -11.1 -21.1 -16.1 -20.0 -21.1 -12.8 -11.1
0300 0900 1500 2100
25 -11.1 -18.3 -14.7 -17.8 -18.3 -12.2 -12.2
26 -12.2 -18.9 -15.6 -12.2 -13.3 -12.2 -13.9
27 - 7.2 -18.9 -13.0 -18.9 -17.2 - 8.3 - 7.8
28 - 7.2 -21.7 -14.4 -11.7 -15.6 -12.8 -13.3
29 -13.3 -24.4 -18.9 -21.7 -24.4 -13.3 -17.8
30 -17.2 -21.1 -19.2 -20.0 -21.1 -17.8 -17.8
NOTE: All times prior to April 25 are Alaska




)ate Max. Min. Mean 0300 0900 1500 2100
1 -17.8 -22.8 -20.3 -19.4 -21.1 -20.0 -17.82 -14.4 -22.8 -18.6 -22.8 -16.7 -14.4 -14.43 -14.4 -17.8 -16.1 -16.7 -16.7 -16.7 -16.7
4 -16.7 -18.9 -17.8 -17.8 -16.7 -17.2 -16,7
5 -14.4 -18.9 -16.7 -18.9 -18.9 -14.4 -14.46 -12.2 -17.8 -15.0 -17.8 -16.1 -12.2 -12.27 -11.7 -17.2 -14.4 -17.2 -16.7 -12.8 -11.78 -11.7 -18.9 -15.3 -15.0 -15.6 -12.2 -12.2
9 - 7.8 -18.3 -13.0 -18.9 -15.0 - 9.4 - 7.810 - 3.9 -13.3 - 8.6 - 8.9 -13.3 - 5.0 - 9.411 - 6.7 -12.2 - 9.4 -12.8 -11.1 - 7.8 - 6.712 - 6.7 - 9.4 - 8.0 - 9.4 - 8.9 - 8.9 - 7.8
13 - 6.7 - 9.4 - 8.0 - 9.4 - 8.9 - 7.2 - 6.7
14 1.1 - 6.7 - 2.8 - 6.7 - 5.6 - 1.1 0.0
15 1.7 - 3.3 - 0.8 - 1.1 - 2.2 0.0 - 0.6
16 6.1 - 3.3 1.4 - 3.3 - 1.7 4.4 0.0
17 3.9 - 1.7 1.1 0.6 0.0 3.3 0.6
18 0.6 - 6.1 - 2.8 - 1.7 - 6.1 - 2.2 - 1.1
19 - 0.6 - 4.4 - 2.5 - 1.1 - 2.2 - 0.6 - 1.720 - 1.7 - 5.0 - 3.3 - 4.4 - 5.0 - 2.2 - 2.221 2.2 - 3.3 - 0.6 - 2.2 - 2.2 1.1 2,222 5.6 - 3.3 1.1 - 3.3 - 1.7 3.3 5.6
23 5.6 - 1.7 2.0 2.2 0.6 2.2 - 0.6
24 1.1 - 3.9 - 1.4 - 1.7 0.0 1.1 - 1.1
25 0.0 - 3.9 - 2.0 - 2.8 - 1.7 - 1.1 0.0
26 0.0 - 3.9 - 2.0 - 1.1 - 1.1 - 0.6 - 1.7
27 0.6 - 2.2 - 0.8 - 1.1 - 1.1 - 0.6 0.6
28 3.3 - 2.8 - 0.2 - 1.1 - 0.6 3.3 1.1
29 3.3 - 3.9 - 0.3 - 2.8 - 3.9 - 2.8 0.0
30 3.3 - 3.9 - 0.3 - 1.1 - 0.6 2.2 1.1

























Max. Min. Mean 0300 0900 1500
3.3 - 1.7 0.8 - 1.7 - 1.7 0
4.4 - 0.6 1.9 2.2 4.4 4
8.9 - 1.1 3.9 - 0.6 2.2 6
7.8 - 0.6 3.6 - 0.6 3.9 7
5.0 1.1 3.6 1.1 2.2 4
5.0 2.2 3.6 3.3 3.3 3
5.6 1.7 3.6 2.2 5.0 5
4.4 1.1 2.8 1.7 2.8 42.8 - 1.7 0.6 1.1 1.7 10.0 - 5.0 - 2.5 - 1.7 - 2.2 - 10.6 - 1.1 - 0.2 0.0 - 0.6 00.6 - 2.2 - 0.8 0.0 0.0 00.6 - 2.2 - 0.8 - 2.2 - 1.1 0
1.7 - 1.1 0.3 - 0.6 - 0.6 1
16.7 - 0.6 8.0 - 0.6 0.6 1010.0 2.2 6.1 10.0 9.4 9
5.6 0.6 3.1 4.4 2.8 4
7.2 0.6 3.9 3.9 3.9 7
6.7 2.8 4.8 4.4 6.7 3
5.6 1.7 3.6 3.9 5.6 4
4.4 - 1.1 1.7 4.4 3.9 1
3.9 - 1.7 1.1 - 1.1 - 0.6 06.1 - 0.6 3.3 3.9 5.6 6
6.7 0.6 3.6 1.1 1.7 56.1 - 1.1 2.5 0.6 1.1 22.8 - 1.1 0.8 - 1.1 - 1.1 1
1.7 - 2.2 - 0.3 - 1.1 - 1.1 - 0
3.3 - 2.2 0.6 - 2.2 - 1.1 00.0 - 1.1 - 0.6 0.0 - 1.1 0

























For Selected Deltaic Environments 
May 6-June 15, 1971
All figures with the exception of the albedos 
are in ly/hr.
. Incoming radiant energy (including all wave­
lengths, both long and shortwave), incoming 
shortwave energy and incoming longwave energy 
refer to the Delta as a whole. The outgoing 
radiant energy and net radiation refer only to 
the partly vegetated dune site (Fig. 8),
The albedo is expressed in percent and the 
various surface types are those referred to in 
chapter 5. Measurements were also taken over 
a vegetation free dune after the snow was 
removed.
The incoming longwave radiation figures tend to 
vary somewhat during the day as they are a 
residual determined by subtracting the incoming 
shortwave radiation from the total incoming 
radiant energy.
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Date May 6, 1971
100
In- Out-
coming going Incoming Incoming
Radiant Radiant Net Shortwave Longwave Albedo



























Date May 7, 1971
In- Out- 
coraing going Incoming Incoming
Radiant Radiant Net Shortwave Longwave Albedo



























Date May 8, 1976
In- Out-
coming going Incoming Incoming
Radiant Radiant Net Shortwave Longwave Albedo



























Date May 9, 1971
In- Out- 
coming going Incoming Incoming
Radiant Radiant Net Shortwave Longwave Albedo
Hour Energy Energy Rad. Radiation Radiation (%) Surf.
0100 16.4 19.4 -3.0 0.0 16.4
0200 17.0 19.3 -2.4 0.0 17.0
0300 18.0 19.8 -1.8 0.4 17.6
0400 19.3 20.6 -1.3 2.7 16.6
0500 20.8 22.6 -1.8 5.6 15.2
0600 27.6 27.2 0.4 17.8 9.8
0700 36.6 32.7 3.9 26.6 10.0
0800 46.0 38.6 7.4 37.6 8.4
0900 52.6 42.8 9.8 43.8 8.8
1000 62.4 48.4 14.0 46.4 16.0
1100 60.6 47.2 13.4 43.8 16.8
1200 71.0 52.9 18.1 53.4 17.6
1300 70.8 52.4 18.4 61.0 9.8
1400 76.0 54.8 21.2 65.2 10.2
1500 79.4 55.8 23.6 66.6 12.8
1600 69.5 50.2 19.3 51.3 18.2
1700 61.4 46.4 15.0 43.8 17.6
1800 50.8 40.6 10.2 29.7 21.1
1900 42.5 36.6 5.9 24.2 18.3
2000 35.1 31.7 3.4 12.8 22.3
2100 27.5 27.2 0.3 6.8 20.7
2200 25.5 25.0 0.5 3.2 22.3
2300 22.8 23.4 -0.6 0.6 22.2
2400 22.0 22.6 -0.6 0.0 22.0
Total 1032 858 173 643 388
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Date May 10, 1971
In- Out- 
coming going Incoming Incoming
Radiant Radiant Net Shortwave Longwave Albedo
Hour Energy Energy Rad. Radiation Radiation (%) Surf.
0100 19.7 22.4 -2.7 0.0 19.7
0200 16.7 20.6 -3.9 0.0 16.7
0300 17.8 21.0 -3.2 0.4 17.4
0400 19.1 21.6 -2.5 2.8 16,3
0500 24.8 25.1 -0.3 7.8 17.0
0600 30.7 27.7 3.0 11.2 19.5
0700 36.4 31.4 5.0 14.4 22.0
0800 43.2 36.4 6.8 20.7 22.5
0900 46.3 38.9 7.4 26.1 20.2
1000 58.9 46.4 12.5 39.6 19.3
1100 68.3 51.9 16.4 52.8 15.5
1200 75.0 53.8 21.2 61.8 13.2
1300 78.9 54.3 24.6 70.0 8.9
1400 80.9 52.8 28.1 70.8 10.1
1500 75.1 49.4 25.7 64.8 10.3
1600 69.5 47.2 22.3 58.5 11.0
1700 60.1 43.6 16.5 50.7 9.4
1800 51.5 40.4 11.1 42.0 9.5
1900 40.1 35.9 4.2 31.8 8.3
2000 30.7 30.9 -0.2 21.9 8.8
2100 23.3 26.2 -2.9 12.6 10.7
2200 20.0 23.2 -3.2 6.4 13.6
2300 18.8 21.6 -2.8 2.6 16.2
2400 18.8 20.9 -2.1 0.2 18.6
Total 1025 844 181 670 355
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Date May 11, 1971
In- Out- 
coming going Incoming Incoming
Radiant Radiant Net Shortwave Longwave Albedo




















































Date May 12, 1971
In- Out-
coming going Incoming Incoming
Radiant Radiant Net Shortwave Longwave Albedo
Hour Energy Energy Rad. Radiation Radiation (%) Surf.
0100 23.3 23.3 0.0 0,0 23.3
0200 23.3 23.3 0.0 0.0 23.3
0300 24.2 23.8 0.4 0.3 23.9
0400 26.6 25.3 1.3 2.1 24.5
0500 27.5 26.0 1.5 3.9 23.6
0600 31.1 28.5 2.6 6.9 24.2
0700 34.6 31.0 3.5 12.3 '22.3
0800 40.0 34.8 5.2 17.8 22.2
0900 48.2 38.8 9.4 26.4 21.8
1000 51.6 41.0 10.6 31.8 19.8
1100 61.9 46.7 15.2 42.6 19.3
1200 58.7 44.6 14.0 40.2 18.5
1300 61.0 45.8 15.2 44.7 16.3
1400 61.6 . 46.0 15.5 45.2 16.4
1500 61.9 45.4 16.5 44,6 17.3
1600 58.7 43.2 15.5 42.0 16.7
1700 53.0 40.0 13.0 36,3 16.7
1800 43.1 34.6 8.4 24.8 18.3
1900 37.4 31.7 5.7 16.8 20.6
2000 31.6 28.2 3.4 9.9 21.7
2100 28.4 26.3 1.7 5.4 23.0
2200 26.6 25.2 1.5 2.1 24.5
2300 26.1 24.7 1.4 0.9 25.2
2400 25.8 24.4 1.4 0.1 25.7
Total 966 802 163 457 509
Date Mav 13, 1971
In- Out-
coming going Incoming Incoming
Radiant Radiant Net Shortwave Longwave Albedo
Hour Energy Energy Rad. Radiation Radiation (%) Surf.
0100 25.8 24.4 1.4
0200 24.4 23.7 0.7
0300 25.2 24.1 1.1
0400 25.5 24.6 0.9
0500 27.6 25.6 2.0
0600 30.5 27.3 3.2
0700 35.4 30.2 5.2
0800 42.1 34.0 8.1
0900 42.4 34.2 8.2
1000 47.2 38,1 9.1
1100 47.2 40.3 6.9
1200 51.1 43.8 7.3
1300 54.2 46.0 8.2
1400 54.7 45.1 9.6
1500 48.5 41.6 6.9
1600 47,8 41.6 6.2
1700 41.8 36.9 4.9
1800 42,1 37.9 4.2
1900 38.4 34.8 3.6
2000 31.8 30.1 1.7
2100 27.6 27.1 0.5
2200 25.3 25.3 0.0
2300 24.2 24.2 0.0
2400 23.7 23.7 0.0














37.5 17.2 79 Bar
30.2 18.3 77 Bar
30.8 17.0 80 Bar
21.2 20.6 79 Bar
25.0 17.1 76 Bar








Date May 14, 1971
In- Out-
coming going Incoming Incoming
Radiant Radiant Net Shortwave Longwave Albedo
Hour Energy Energy Rad. Radiation Radiation (%) Surf.
0100 23.7 23.7 0.0 0.0 23.7
0200 23.7 23.7 0.0 0.0 23.7
0300 23.8 23.8 0.0 0.4 23.4
0400 25.3 25.3 0.0 2.2 23.1
0500 27.9 27.1 0.8 4.2 23.7 86 Bar
0600 31.6 30.0 1.7 7.6 24.0 92 Bar
0700 32.4 30.7 1.6 11.2 21.2 84 Bar
0800 40.0 35.9 4.1 18.2 21.8 90 Bar
0900 -48.6 42.1 6.5 27.8 20.8 79 Bar
1000 54.0 46.5 . 7.5 33.6 20.4 76 Bar
1100 62.2 52.4 9.8 46.2 16.0 66 Bar
1200 65.8 53.0 12.8 50.2 15.6 58 Bar
1300 50.2 58 Bar
1400
1500
1600 39.0 62 Bar
1700
1800 26.0 65 Bar
1900 18.3 74 Bar
2000 10.4
2100 30.0 28.1 1.9 6.4 23.6
2200 23.6 24.2 -0.6 2.4 21.2
2300 24.7 24.7 0.0 0.9 23.8
2400 24.4 24.4 0.0 0.6 23.8
Total 487
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Date May 15, 1971
In- Out-
coming going Incoming Incoming
Radiant Radiant Met Shortwave Longwave Albedo
Hour Energy Energy Rad. Radiation Radiation (%) Surf,
0100 24.4 24.4 0.0 0.0 24.4
0200 25.1 25.1 0.0 0.0 25.1
0300 25.8 25.8 0.0 0.2 25.6
0400 26.8 26.1 0.7 1.5 25.3
0500 27.6 26.7 0.9 3.4 24.2 67 Bar
0600 29.7 27.4 2.3 6.1 23.6 70 Bar
0700 33.2 29.2 4.0 11.0 22.2 72 Bar
0800 40.5 32.8 7.7 16.4 24.1 73 Bar
0900 41.0 31.8 9.2 23.1 17.9 51 Bar
1000 54.4 39.5 14.9 36.9 17.5 51 Bar
1100 55.6 39.0 16.6 37.8 17.8 60 Bar
1200 60.6 41.4 19.2 42.6 18.0 59 Bar
1300 70.7 44.7 26.0 53.0 17.7 56 Bar
1400 69.6 41.6 28.0 49.8 19.8 49 Bar
1500 60.6 39.0 21.6 41.7 18.9 59 Bar
1600 69.4 41.7 27.6 50.1 19.3 56 Bar
1700 57.5 36,9 20.6 40.0 17.5 56 Bar
1800 50.2 33.6 16.5 32.1 18.1 58 Bar
1900 41.6 31.0 10.5 19.2 22.4 66 Bar
2000 36.3 29.5 6.8 14.8 21.5
2100 30.7 27.7 3.0 7.6 23.1
2200 28.4 26.7 1.8 5.5 22.9
2300 27.6 26.0 1.6 2.0 25.6
2400 26.3 25.6 0.6 0.4 25.9
Total 1013 773 271 495 520
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Date May 16, 1971
In- Out-
coming going Incoming Incoming
Radiant Radiant Net Shortwave Longwave Albedo
Hour Energy Energy Rad, Radiation Radiation (%)
0100 24.4 24.4 0.0
0200 24.4 24.4 0.0
0300 24.4 24.4 0.0
0400 24.4 24.4 0.0
0500 26.4 25.4 1.0
0600 29.7 27.1 2.6
0700 35.7 29.3 6.4
0800 45.7 32.9 12.8
0900 49 o 6 34.0 15,6
1000 58.8 38.0 20.8
1100 63.4 39.1 24.3
1200 70.9 40.5 30.4
1300 71.2 40.9 30.3
1400 64,8 38.5 26.3
1500 65.9 38.2 27.7
1600 59.9 36.3 23.6
1700 55.1 35.2 19.9
1800 46.0 32.4 13.5
1900 38.5 29.7 8.8
2000 35.8 29.1 6.7
2100 30.2 27.2 3.0
2200 29.0 27.0 2.0
2300 25.4 25.1 0.3
2400 25.2 25.2 0.0
Total 1025 749 276
Surf.
Ill
Date May 17, 1971
In- Out-
coming going Incoming Incoming
Radiant Radiant Net Shortwave Longwave Albedo
Hour Energy Energy Rad. Radiation Radiation (%) Surf.
0100 25.7 25.7 0.0
0200 26.0 26.0 0.0
0300 25.8 25.8 0.0
0400 27.0 26.8 0.2
0500 28.8 27.4 1.5
0600 32.7 28.3 4,4
0700 39.2 32.5 6.8
0800 45.5 34.5 11.0
0900 48.7 33.5 15.2
1000 60.6 40.4 20.2
1100 71.4 42.8 28.6
1200 82.7 43.7 39.0
1300 82.0 44.9 37.1
1400 79.0 44.4 34.6
1500 78.7 45.6 33.0
1600 72.9 42.1 30.8
1700 68.9 40.2 28.6
1800 58.4 37.8 20.6
1900 45.4 31.7 13.7
2000 39.6 39.1 9.4
2100 34.0 28.2 5.7
2200 28.4 25.4 3.0
2300 26.2 24.9 1.3
2400 23.9 24.2 -0.2





5.1 23.7 88 Will
8.8 23.9 93 Will
17.7 21.5 76 Will
22.4 23.1 77 Will
34.4 14.3
50.2 10.4
66.3 5.1 65 Bar
67.6 15.5
68.4 13.6 75 Will
67.2 11.8 75 Will
64.2 14.5 74 Will
58.2 14.7 73 Will
51.0 17.9 78 Will









Date May 18, 1971
In- Out-
coming going Incoming Incoming
Radiant Radiant Net Shortwave Longwave Albedo
Hour Energy Energy Rad. Radiation Radiation (%) Surf.
0100 24.4 24.4 0.0 0.1 24.3
0200 24.4 24.4 0.0 0.1 24.3
0300 24.1 24.1 0.0 0.7 23.4
0400 25.0 24.6 0.4 2.0 23.0
0500 27.6 25.7 1.8 4.4 23.2
0600 31.0 26.8 4.2 9.0 22.0
0700 36.5 28.4 8.1 13.2 23.3
0800 41.4 30.2 11.3 18.8 22.6 78 Bar
0900 45.8 31.6 14.2 24.9 20.9 76 Bar
1000 54.5 35.0 19.4 34.2 20.3 73 Bar
1100 55.8 35.0 20.8 '46.5 9.3 60 Bar
1200 69.2 39.1 30.2 45.6 23.6 76 Will
1300 63.0 35.6 27.4 46.0 17.0 74 Will
1400 65.2 37.1 28.0 47.8 17.4 77 Will
1500 73.5 39.6 33.9 51.9 21.6 76 Will
1600 60.2 35.4 24.8 37.8 22.3 74 Will
1700 52.8 33.9 18.9 29.2 23.6 78 Will
1800 46.8 31.6 15.2 22.8 24.0 82 Will
1900 40.6 30.1 10.5 17,1 23.5 76 Will
2000 37.4 28.9 8.4 12.2 25.2 79 Will
2100 33.2 27.9 5.2 7.4 25.8 77 Will
2200 28.3 26.4 2.0 3.4 24.9
2300 25.4 26.0 -0.6 1.6 23.8
2400 26.6 26.3 0.3 0.9 25.7
Total 1013 728 285 478 535
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0100 24.2 24.5 -0.3 0.4 23.8
0200 25.0 25.0 0.0 0.4 24.6
0300 26.0 25.8 0.2 1.6 24.4
0400 26.4 26.1 0.3 3.3 23.1
0500 30.7 28.0 2.7 6.0 24.7 70 Will
0600 34.1 28.5 5.6 10.2 23.9 71 Will
0700 38.4 29.7 8.8 15.3 23.1 73 Will
0800 44.3 31.0 13.3 22.2 22.1
0900 48.7 32.2 16.5 28.0 20.7
1000 55.0 34.4 21.1 36.0 19.0 64 Bar
1100 60.8 36.0 24.8 41.7 19.1 62 Bar
1200 64.1 37.6 26.5 46.0 18.1 61 Bar
1300 71.5 40.2 31.2 52.5 19.0 60 Bar
1400 67.8 38.2 29.5 48.4 19.4
1500 65.3 37.8 27.5 45.0 20.3 70 Will
1600 60.2 36.0 24.1 40.5 19.7 75 Will
1700 54.2 34.2 20.0 34.0 20.2 76 Will
1800 46.8 32.2 14.7 26.7 20.1 76 Will
1900 40.4 30.3 10.1 19.5 20.9 81 Will
2000 35.0 28.6 6.4 12.3 22.7 80 Will
2100 30.4 26.6 3.8 6.9 23.5
2200 28.6 26.4 2.2 4.0 24.6
2300 26.8 25.4 1.5 2.1 24.7
2400 26.0 25.2 0,8 1.0 25.0
Total 1031 740 291 512 519
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0100 25.1 25.1 0.0 0.2 24.9
0200 24.8 24.8 0.0 0.1 24.7
0300 25.7 25.4 0.4 0.7 25.0
0400 26.7 25.6 1.0 1.2 25.5
0500 28.6 26.2 2.4 4.2 24.4 86 Will
0600 31.2 26.9 4.4 9.6 21.6 82 Will
0700- 36.9 29.8 7.1 15.8 21.1 96 Will
0800 45.6 34.2 11.4 28.5 17.1 93 Will
0900 47.6 32.0 15.5 29.4 18.2 83 Will
1000 55.8 37.3 18.6 50.6 5.2 83 Will
1100 65.0 38.7 26.3 52.5 12.5 78 Will
1200 71.0 39.0 32.1 66.8 4,2 72 Will
1300 67.2 34.9 32.2 66.2 1.0 70 Will
1400 80.4 42.7 37.7 62.4 18.0 71 Will
1500 74.2 38.3 36.0 57.8 16.4
1600 66.6 36.4 30.2 49.8 16.8 55 Bar
1700 59.9 36.1 23.8 38.0 21.9 56 Bar
1800 47.7 31.7 16.0 28.6 19.1 62 Bar
1900 39.2 30.5 8.8 19.8 19.4 73 Bar
2000 37.7 29.4 8.3 13.5 24.2 70 Bar
2100 33.4 28.1 5.3 9.0 24.4 67 Bar
2200 30.0 27.0 3.0 4.8 25.2 63 Bar
2300 27.3 25.7 1.6 2.1 25.2
2400 26.2 25.4 0.9 0.6 25.6





















0100 25.4 25.4 0.0 0.2 25,2
0200 25.2 25.2 0.0 0.2 25.0
0300 25.2 25.2 0.0 0.5 24.7
0400 26.8 25.7 1.2 1.6 25.2 67 Bar
0500 29.5 26.4 3.0 5.6 23.9 78 Bar
0600 36.0 30.4 5.6 9.2 26.8 67 Bar
0700 47.8 36.7 11.1 18.6 29.2 68 Bar
0800 59.4 42.5 16.9 26.6 32.8 63 Bar
0900 70.8 48.3 22.6 38.7 32.1 60 Bar
1000 89.1 57.7 31.4 47.7 41.4 54 Bar
1100 68.2 38.2 30.0 46.6 21.6
1200 70.7 39.3 31.4 56.8 13.9 68 Will
1300 73.4 40.0 33.4 49.8 23.6 70 Will
1400 71.8 38.9 32.9 55.4 16.4 68 Will
1500 73.1 40.0 33.1 52.4 20.7 68 Will
1600 76.2 41.8 34.4 48.2 28.0 67 Will
1700 69.4 40.6 28.8 48.6 20.8 68 Will
1800 55.2 35.0 20.2 35.1 20.1 72 Will
1900 52.2 36.1 16.1 33.9 18.3 75 Will
2000 43.0 32.4 10.5 21.6 21.4 78 Will
2100 34.4 28.7 5.7 14.6 19.8
2200 29.6 27.4 2.2 9.6 20.0
2300 26.6 26.0 0.6 5.2 21.4
2400 25.4 25.2 0.2 1.4 24.0
Total 1204 833 371 628 577
Date May 22, 1971
In- Out-
coming going Incoming Incoming
Radiant Radiant Net Shortwave Longwave Albedo
Hour Energy Energy Rad. Radiation Radiation (%) Surf.
0100 26.2 25.4 0.8
0200 27.8 26.4 1.4
0300 29.9 27.8 2.1
0400 28.6 26.2 2.4
0500 30.4 26.6 3.8
0600 33.4 28.2 5.2
0700 40.8 29.9 10.9
0800 48.2 31.5 16.7
0900 58.0 34.5 23,5
1000 55.4 33.6 21.8
1100 75.6 40.8 34.8
1200 71.8 38.7 33.1
1300 74.2 40.9 33.3
1400 87.7 42.0 45.7
1500 76.0 37.8 38.2
1600 76.2 40.9 35.3
1700 69.8 39.6 30.2
1800 60.3 36,6 23.7
1900 56.9 38.4 18.5
2000 45.4 34.4 11.0
2100 35.5 31.0 4.5
2200 28.8 28.3 0.5
2300 26.9 26.9 0.0
2400 26.7 26.7 0.0




4.5 24.1 71 Will
6.2 24.2 73 Will,
9.9 23.5 71 Will.
17.1 23.6 72 Will
29.1 19.1 69 Will
36.3 21.7 67 Will
32.1 23.3 78 Will
52.0 23.6 64 Will
48.6 23.2 40 Bar
47.6 26.6 38 Bar
71.0 16.7
60.4 15.6 59 Will
59.0 17.2 59 Will
51.0 18.8 60 Will
43.0 17.3 64 Will








Date May 23, 1971
In- Out- 
coming going Incoming Incoming
Radiant Radiant Net Shortwave Longwave Albedo
Hour Energy Energy Rad. Radiation Radiation (%) Surf.
0100 27.6 27.6 o.o • 0.6 27.0
0200 27.4 27.4 0.0 0.6 26.8
0300 27.2 27.2 0.0 1.0 26.2
0400 27.5 27.2 0.3 2.8 24.7
0500 32.4 29.0 3.4 9.2 23.2 67 Will
0600 37.2 31.6 5.6 17.1 20.1 63 Will
0700 44.6 32.8 11.8 27.8 16.8 59 Will
0800 56.1 35.3 20.8 37.8 18.3 68 Will
0900 63.2 36.4 26.8 42.6 20.6 59 Will
1000 65.4 36.4 29.0 55.5 9.9 56 Will
1100 65.5 38.4 27.1 50.6 14.9
1200 70.9 36.2 34.7 66.4 4.5 30 Bar
1300 65.0 36.5 28.5 47.8 17.2 31 Bar
1400 65.1 35.4 29.7 47.0 18.1 58 Will
1500 59.0 33.3 25.7 39.4 19.6 60 Will
1600 92.6 46.2 46.4 54.8 37.8 59 Will
1700 71.0 37.7 33.3 49.0 22.0 60 Will
1800 51.1 35.7 15.4 32.6 18.5 59 Will
1900 47.8 31.6 16.2 23.6 24.2 55 Will
2000 36.6 27.7 8.9 16.2 20.4
2100 33.1 28.4 4.7 9.0 24.1
2200 28.6 27.0 1.6 4.8 23.8
2300 26.2 26.0 0.2 1.4 24.8
2400 26.0 26.0 0.0 0.8 25.2
Total 1147 777 370 638 509
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Date May 24, 1971
In- Out- 
coming going Incoming Incoming
Radiant Radiant Net Shortwave Longwave Albedo
Hour Energy Energy Rad. Radiation Radiation (%) Surf.
0100 25.6 25.6 0.0 0.5 25.1
0200 25.6 25.6 0.0 0.4 25.2
0300 26.3 26.0 0.3 0.9 25.4
0400 26.4 25.6 0.8 2.6 23.8
0500 29.8 26.9 2.9 4.8 25.0
0600 32.6 27.3 5.3 9.3 23.3 63 Will
0700 38.9 28.8 10.1 15'. 6 23.3 65 Will
0800 46.5 30.6 15.9 24.6 21.9 60 Will
0900 53.0 30.7 22.3 39.8 13.2 58 Will
1000 56.7 31.5 25.2 40.4 16.3 60 Will
1100 66.4 34.8 31.6 45.4 21.0 58 Will
1200 63.9 34.2 29.7 47.4 16.5 28 Bar
1300 71.3 38.4 32.9 51.4 19.9 26 Bar
1400 81.0 40.3 40.7 58.0 23.0 25 Bar
1500 65.3 34.4 30.9 43.2 22.1 23 Bar
1600 62.3 33.8 . 28.5 38.1 24.2 23 Bar
1700 48.2 31.2 17.0 24.9 23.3 21 Bar
1800 44.8 30.3 14.5 21.8 23.0 21 Bar
1900 40.7 29.8 10.9 16.8 23.9 25 Bar
2000 36.6 28.2 8.4 13.5 23.1 27 Bar
2100 32.4 27.5 4.9 8.7 23.7
2200 28.8 26.6 2.2 3.9 24.9
2300 26.1 25.8 0.3 1.6 24.5
2400 25.9 25.6 0.3 0.3 25.1
Total 1055 720 335 514 541
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0100 25.1 25.1 0.0 0.4 24.7
0200 25.2 25.2 0.0 0.3 24.9
0300 25.6 25.4 0.2 1.2 24.4
0400 27.7 26.4 1.3 2.7 25.0
0500 30.0 27.0 3.0 4.5 25.5 30 Bar
0600 31.3 27.3 4.0 5.8 25.5 40 Bar
0700 36.2 28.4 7.8 10.8 25.4 33 Bar
0800 40.1 28.6 11.5 16.0 24.1 33 Bar
0900 46.7 29.8 16.9 23.2 23.5 31 Bar
1000 51,6 30.9 20.7
1100 57.1 32.1 25.0
1200 57.9 32.2 25.7 -
1300 59.7 32.9 26.8
1400 57.1 32.8 24.3 37.0 20.1 65 Will
1500 57.6 33.0 24.6 35.2 22.4 61 Will
1600 61.3 33.8 27.5 38.2 23.1 62 Will
1700 57.9 32.2 25.7 39.0 18.9 61 Will
1800 52.3 31.7 20.6 32.1 20.2 60 Will
1900 46.2 29.7 17.0 26.6 19.6 61 Will
2000 41.6 29.5 12.1 19.6 22.0 66 Will
2100 40.3 30.2 10.1 18.9 21.4 65 Will
2200 31.6 27.6 4.0 8.1 23.5
2300 28.8 27.2 1.6 4.2 24.6
2400 26.5 26.2 0.3 2.1 24.4
Total 1015 705 311 467 548
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Date May 26, 1971
In- Out- 
coming going Incoming Incoming
Radiant Radiant Net Shortwave Longwave Albedo
Hour Energy Energy Rad. Radiation Radiation (%) Surf.
0100 26.3 26.2 0.1
0200 26.0 26.0 0.0
0300 26.4 25.7. 0.7
0400 28.0 26.4 1.6
0500 32.1 28.2 3.9
0600 33.9 28.7 5.2
0700 40.2 ' 29.9 10.3
0800 45.9 30.9 15.0
0900 59.6 34.6 25.0
1000 56.6 30.4 26.2
1100 75.4 35.8 39.6
1200 80.2 35.4 44.8
1300 71.3 41.0 30.3
1400 68.0 35.4 32.6
1500 67.6 35.2 32.4
1600 57.2 34.2 23.0
1700 60.3 33.4 26.9
1800 54.6 31.3 23.3
1900 47.6 31.1 16.5
2000 41.2 29.8 11.4
2100 34.6 27.8 6.8
2200 31.0 27.5 3.5
2300 28.0 26.7 1.3
2400 26.0 26.0 0.0












57.0 23.2 60 Will
50.2 21.1 61 Will
45.2 22.8 59 Will
42.0 25,6 60 Will
46.4 10.8 61 Will
39.2 21.1 57 Will
31.4 23.2 57 Will
23.2 24.4 59 Will
15.4 25.8 64 Will






Date May 27, 1971
In- Out- 
coraing going Incoming Incoming
Radiant Radiant Net Shortwave Longwave Albedo
Hour Energy Energy Rad. Radiation Radiation (%) Surf.
0100 26.0 26.0 0.0
0200 26.0 26.0 0.0
0300 27.2 26.6 0.6
0400 28.2 26.6 1.6
0500 30.8 27.7 3.1
0600 34.8 28,4 6.4
0700 44.4 31.2 13.2
0800 55.8 34.0 21.8
0900 60.6 34.5 26.1
1000 56.3 32.6 23.7
1100 74.2 37.6 36.6
1200 70.6 38.0 32.6
1300 62.0 33.0 29.0
1400 64.3 35.1 29.2
1500 60.8 32.9 27.9
1600 60.1 33.6 26.5
1700 53.2 32.3 20.9
1800 49.4 31.5 17.9
1900 44.6 30.9 13.7
2000 37.6 27.9 9.7
2100 35.2 28.2 7.0
2200 31.3 27.4 3.9
2300 28.8 27.0 1.8
2400 27.0 25.9 1.1










38.1 18.2 23 Bar
48.2 26.0 23 Bar
43.4 27.2 20 Bar
46.0 16.0 18 Bar
42.9 21.4 18 Bar
43.5 17.3 18 Bar
39.6 20.5 20 Bar
32.8 20.4 ■“i 1 8 Bar
26.0 23.4 19 Bar
18.6 26.0 23 Bar
12.8 24.8 23 Bar






Date May 28, 1971
In- Out-
coming going Incoming Incoming
Radiant Radiant Net Shortwave Longwave Albedo
Hour Energy Energy Rad. Radiation Radiation (%) Surf.
0100 25.0 25.0 0.0
0200 24.8 24.8 0.0
0300 26.2 25.5 0.7
0400 25.9 25.0 0.9
0500 30.2 26.9 3.3
0600 31.4 27.0 4.4
0700 37.6 28.4 9.2
0800 43.7 28.5 15.2
0900 49.0 31.3 17.7
10 00 68.3 35.0 33.3
1100 74.4 37.6 36.8
1200 79.4 40.5 38.9
1300 79.2 39.8 39.4
1400 73.0 37.8 35.2
1500 84.3 44.0 40.3
1600 69.3 36.3 33.0
1700 60.4 34.3 26.1
1800 55.3 34.6 20.7
1900 47.2 31.6 15.6
2000 41.0 30.2 10.8
2100 35.9 29.1 6.8
2200 29.6 27.1 2.5
2300 25.8 25.8 0.0
2400 25.2 25.5 -0.3





5.7 24.5 10 Bar
7.5 23.9 15 Bar
16,4 21.2 18 Bar
25.5 18.2 19 Bar
45.8 3.2 21 Bar
52.6 15.7 50 Will
55.8 18.6 47 Will
58.5 20.9 49 Will
68.4 10.8 51 Will
52.8 20.2 53 Will
54.8 29.5 50 Will
44.2 25.1 52 Will
41.8 18.6 54 Will
30.8 24.5 51 Will
23.4 23.8 53 Will
























0100 24.8 25.2 -0.4 2.0 22.8
0200 26.2 26.2 0.0 2.0 24.2
0300 26.1 25.8 0.3 3.2 22.9 40 Will.
0400 28.8 27.0 1.8 7.5 21.3 46 Will.
0500 32.0 27.2 4.8 9.9 22.1 47 Will.
0600 38.9 29.9 9.0 21.0 17.9 49 Will.
0700 47.1 29.9 17.2 25.6 21.5 49 Will.
0800 57.8 32.4 25.4 39.4 18.4 48 Will.
0900 64.1 33.7 30.4 49.4 14.7
1000 71.2 34.0 37.2 56.0 15.2
1100 73.2 34.0 39.2 52.6 20.6
1200 66.1 34.2 31.9 49.5 16.6
1300 66.9 35.7 31.2 47.0 19.9 74 Pol y?
1400 57.4 32.4 25.0 41.1 16.3 75 Poly.
1500 63.8 34,6 29.2 40.4 23.4 74 Poly.
1600 53.8 33.0 20.8 36.9 16.9
1700 47.3 31.6 15.7 23.4 23.9
1800 45.8 30.8 15.0 22.8 23.0
1900 37.4 29.9 7.5 14.7 22,7
2000 34.8 28.6 6.2 9.2 25.6
2100 31.4 26.9 4.5 7.5 23.9
2200 31.0 27.8 3.2 6.3 24.7
2300 29.0 26.7 2.3 5.2 23.8
2400 27.3 25.9 1.4 2.1 25.2
Total 1080 723 357 575 506
^Polygon
Date Hay 30, 1971
In- Out- - 
coming going Incoming Incoming
Radiant Radiant Net Shortwave Longwave Albedo
Hour Energy Energy Rad. Radiation Radiation (%) Surf.
0100 25.9 25.9 0.0 1.2 24.7
0200 25.9 25.9 0.0 2.0 23.9
0300 26.2 26.4 -0.2 3.8 22.4
0400 31.1 26,6 4.5 9.6 21.5
0500 40.5 28.8 11.7 16.0 24.5
0600 41.2 29.6 11.6 21.2 20.0
0700 56.2 34.2 22.0 34.8 21.4
0800 60.3 35.0 25.3 45.0 15.3
0900 65.6 37.7 27.9 49.4 16.2
1000 75,5 38.8 36.7 57.2 18.3
1100 76.7 40.2 36.5 63.2 13.5
1200 86.6 42.2 44.4 69.6 17.0 62 Poly
1300 85.6 41.7 43.9 68.4 17.2 61 Poly
1400 84.4 41.3 43.1 67.8 16.6 60 Poly
1500 77,4 42.1 35.3 49.2 28.2 63 Poly
16 00 51.9 31.0 20.9 31.8 20.1 62 Poly
1700 51.6 32.7 18.9 28.8 22.8 63 Poly
1800 50.8 32.6 18.2 23.4 27.4 56 Will
1900 41.5 30.8 10.7 17.4 24.1 59 Will
2000 39.8 30.0 9.8 15.0 24.8 66 Will
2100 34.7 29.2 5.5 8.4 26.3
2200 34.8 29.7 5.1 9.6 25.2
2300 28.6 27.2 1.4 6.0 22.6
2400 27.9 28.2 -0.3 4.2 23.7
Total 1221 788 433 703 518
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Date May 31, 1971
In- Out-
coming going Incoming Incoming
Radiant Radiant Net Shortwave Longwave Albedo
Hour Energy Energy Rad. Radiation Radiation (%) Surf.
0100 26.0 26.3 -0.3
0200 25.7 26.6 -0.9
0300 27.6 27.2 0.4
0400 28.8 27.8 1.0
0500 31.7 28.0 3.7
0600 34.0 28.2 5.8
0700 41.9 30.3 11.6
0800 58.7 35.8 22.9
0900 60.2 35.4 24.8
1000 73.0 39.4 33.6
1100 68.7 35.4 33.3
1200 84.5 41.1 43.4
1300 85.5 42.0 43.5
1400 85.0 41.2 43.8
1500 81.9 41.4 40.5
1600 76.9 40.3 36.6
1700 63.2 37.8 25.4
1800 59.4 37.2 22.2
1900 51.7 33.8 17.9
2000 43.1 33.3 10.4
2100 36.0 31.1 4.9
2200 30.0 28.4 1.6
2300 28.8 29.4 -0.6
2400 29.3 31.9 -2.6





7.8 23.9 54 Will
11.4 22.6 53 Will
19.8 22.1 52 Will
36.0 22.7 50 Will
36.6 23.6 49 Will
55.2 17.8 50 Will
59.4 9.3 49 Will
67.8 16.7
69.0 16.5 42 Poly
69.6 15.4 40 Poly
64.8 17.1 38 Poly
60.0 16.9 37 Poly
49.8 13.4 36 Poly
44.4 15.0 35 Poly






























0100 21.8 25.8 -0.4 2.4 19.4
0200 23.2 26.4 -3.2 2.8 20.4
0300 23.9 26.2 -2.3 4.8 19.1 38 Will
0400 28.2 27.5 0.7 7.8 20.4 38 Will
0500 32.3 27.1 3.1 13.2 19.1 32 Will
0600 38.6 29.2 9.4 15.0 23.6 36 Will
0700 40.2 29.6 10.6 16.2 24.0 33 Will
0800 40.0 29.0 11.0 16.2 23.8 33 Will
0900 42.2 30.0 12.2 16.2 26.0 33 Will
1000 46,0 30.7 15.3 20.4 25.6 32 Will
1100 49.7 31.2 18.5 28.2 21.5 32 Will
1200 52.8 31.1 21.7 31.2 21.6 33 Will
1300 59.9 33.8 26.1 45.6 14.3 29 Will
1400 63.8 34.8 29.0 40.2 23.6 30 Will
1500 56.5 34,6 21.9 31.8 24.7 30 Will
1600 54.4 33.0 21.4 33.6 20.8 30 Will
1700 52.0 33.0 19.0 28.8 23.2 31 Will
1800 39.7 29.1 10.1 19.2 20.5 25 Will
1900 38.6 29.8 8.8 15.0 23.6 28 Will
2000 32.2 28.1 4.1 9.6 22.6 19 Will
2100 32.2 28.5 3.7 9.6 22.6 13 Will
2200 29.0 28.2 0,8 4.8 24.2
2300 25.1 27.4 -2.3 2.2 22.9
2400 23.3 27.0 -3,7 1.4 21.9
Total 946 711 234 416 529
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0100 22.2 26.2 -0.4 1.2 21.0
0200 24.2 27.1 -2.9 1.8 22.4
0300 26.0 28.0 -2.0 3.9 22.1
0400 32.4 30.0 2.4 10.2 22.2 18 Will
0500 38.4 30.4 8.0 16.8 21.6 21 Will
0600 45.3 33.1 12.2 25.8 19.5 21 Will
0700 46.3 32.0 14.3 22.8 23.5 21 Will,
0800 44.7 31.2 13,5 22.8 21.9 21 Will
0900 54.2 33.4 20.8 38.4 15.8 23 Poly
1000 59.4 34.8 24.6 40.2 19.2 21 Pol}^
1100 78.2 40.0 38.2 60.6 17.6 20 Poly
1200 83.9 41.7 42.2 66.6 17.3 17 Will
1300 84.1 41.6 42.5 67.8 16.3 17 Will
1400 90.6 45.1 45.5 64.2 26.4 14 Will
1500 85,4 41.0 44.4 61.8 23.6 15 Will
1600 68.8 37.8 31.0 49.8 19.0 13 Will
1700 52.8 33.6 19.2 31.8 21.0 13 Will
1800 46.5 31.0 15.5 31.8 14.7 13 Will
1900 39.4 30.2 9.2 17.4 22.0 10 Will
2000 36.4 29.4 7.0 11.4 25.0
2100 36.4 30,3 6.1 16.2 20.2
2200 29.9 29.0 0.9 12.6 17.3
2300 25.1 26.9 -1.8 6.3 18,8
2400 21.7 26.2 -4.5 3.4 18.3
Total 1172 790 382 686 486
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Date June 3, 1971
In- Out-
coming going Incoming Incoming
Radiant Radiant Net Shortwave Longwave Albedo
Hour Energy Energy Rad. Radiation Radiation (%) Surf.
0100 23.2 26.9 -3.7
0200 23.8 26.5 -2.7
0300 24.2 26.1 -1.9
0400 27.0 27.4 -0.4
0500 28.8 27.4 1.4
0600 32.1 28.1 4.0
0700 39.0 30.2 8.8
0800 45.3 32.0 13.3
0900 52.1 33.4 18.7
1000 66.8 38.9 27.9
1100 77.7 42.1 35.6
1200 80.4 41.8 38.6
1300 84.1 42.2 41.9
1400 78.3 38.8 39.5
1500 86.3 44.3 42.0
1600 79.2 41.2 38.0
1700 72.3 38.9 33.4
1800 61.7 36.6 25.1
1900 49.0 34.0 15.0
2000 39.0 31.2 7.8
2100 32.8 29.8 3.0
2200 31.9 29.2 2.7
2300 29.6 28.3 1.3
2400 27.6 27.3 0.3







15.6 23.4 8 Will,
23.4 21.9 8 Will
34.8 17.3 12 Will,
54.0 12.8 11 Will,
61.2 16.5 11 Will
65.0 15.4
68.4 15.7 11 Poly
62.4 15.9 14 Poly
66.0 20.3 16 Poly
59.4 19.8 16 Poly
51.6 20.7 17 Poly
38.4 23.3 17 Poly
24.0 25.0 13 Poly



























0100 27.2 27.6 -0.4 2.8 24.4
0200 26.5 27.6 -1.1 2.6 23.9
0300 27.6 27.4 0.2 2.4 25.2
0400 28.2 27.4 0.8 3.4 24.8
0500 31.7 28.6 3.1 6.3 25.4
0600 32.6 28.4 4.2 8.1 24.5
0700 34.6 29.5 5.1 9.0 25.6 7 Poly.
0800 42.0 31.2 10.8 19.2 22.8 13 Poly.
0900 58.4 36.2 22.2 45.2 13.2
1000 71.1 40.9 30.2 52.8 18.3 8 Will.
1100 77.6 43.4 34.2 59.4 18.2 8 Will.
1200 81.0 43.5 37.5 63.6 17.4 8 Will.
1300 83.0 44.2 38.8 66.0 17.0 7 Will.
1400 84.3 44.9 39.4 65.4 18.9 7 Will.
1500 84.6 46.0 38.6 63.0 21.6 8 Will.
1600 79.8 44.1 35.7 58.8 21.0 8 Will.
1700 72.7 42.1 30.6 51.0 21.7 9 Will.
1800 63.4 40.0 23.4 42.0 21.4 11 Will.
1900 56.2 37.5 18.7 31.8 24.4 13 Will.
2000 45.8 34.9 10.9 25.2 -20.6 14 Willi
2100 38.4 32.4 6.0 16.2 22.2 11 Will.
2200 31.0 29.6 1.4 7.0 24.0
2300 26.9 27.7 -0.8 3.2 23.7
2400 26.3 27.9 -1.6 1.8 24.5
Total 1231 843 388 706 524
Date June 5, 1971
In- Out-
coming going Incoming Incoming
Radiant Radiant Net Shortwave Longwave Albedo
Hour Energy Energy Rad. Radiation Radiation (%) Surf.
0100 24.5 27.5 -3.0 2.0 22.5
0200 25.4 27.5 -2.1 1.8 23.6
0300 25.9 27.3 -1.4 3.6 22.3
0400 29.5 29.0 0.5 6.9 22.6
0500 34.6 30.9 3.7 11.4 23.2 11 Will.
0600 36.1 31.6 4.5 15.0 21.1 8 Will.
0700 46.8 34.0 12.8 28.2 18.6 13 Will.
0800 56.4 37.2 19.2 36.5 19.9 11 Will.
0900 64.1 39.1 25.0 45.0 19.1 9 Will.
1000 70.5 42.0 28.5 50.4 20.1 8 Will.
1100 78.4 43.4 35.0 59.4 19.0 9 Will.
1200 82.6 45.0 37.6 61.8 20.8 9 Will.
1300 83.2 45.2 38.0 63.0 20.2 10 Will.
1400 82.7 44.8 37.9 62.4 20.3 10 Will.
1500 81.3 44.6 36.7 62.4 18.9 10 Will.
1600 80.6 45.0 35.6 55.2 25.4 11 Will.
1700 70.2 42.5 27.7 44.4 25.8 12 Will.
1800 74.1 44.4 29.7 48.0 26.1 13 Will.
1900 59.6 40,0 19.6 34.8 24.8 16 Will.
2000 46.6 35.8 10.8 27.6 19.0 15 Will.
2100 40.1 34.2 5.9 16.2 23.9
2200 34.2 32.1 2.1 11.4 22.8
2300 33.0 31.0 2.0 4.8 28.2
2400 28.2 30.2 -2.0 3.6 24.6
Total 1288 884 404 756 533
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Date June 6, 1971
In- Out-
coming going Incoming Incoming
Radiant Radiant Net Shortwave Longwave Albedo
Hour Energy Energy Rad. Radiation Radiation (%) Surf.
0100 26.2 29.2 -3.0
0200 24.8 28.2 -3.4
0300 26.9 28.7 -1.8
0400 30.4 29.9 0.5
0500 36.9 31.6 5.3
0600 43.5 33.2 10.3
0700 49.6 35.3 14.3
0800 55.5 36.8 18.7
0900 64.8 40.0 24.8
1000 74.4 41.3 33.1
1100 74.5 40.6 33.9
1200 77.8 43.2 34.6
1300 86.0 46.9 39.1
1400 81.1 43.9 37,2
1500 83.3 45.3 38.0
1600 80-5 44.9 35.6
1700 74.0 43.1 30.9
1800 66.2 41.6 24.6
1900 58.8 39.4 19.4
2000 48.9 36.9 12.0
2100 40.7 34.3 6.4
2200 35.5 33.0 2.5
2300 30.4 31.2 -0.8
2400 27.7 29.8 -2.7





14.6 22.3 11 Will
22.5 21.0 8 Will
29.1 20.5 13 Will
35.8 19.7 11 Will
44.7 20.1 n Will
57.8 16.6 8 Will
59.6 14.9 9 Will
56.7 21.1 9 Will
6^.6 21.4 10 Will
60.8 20.3 10 Will
63.0 20.3 10 Will
58,4 22.1 11 Will
51.6 22.4 12 Will
44.1 22.1 13 Will
35.8 23.0 16 Will
27.3 21.6 15 Will
18.8 21.9 19 Will
11.8 23.7 21 Will





















0100 26.3 29.4 -3.1 2.6 23.7
0200 26.7 29.5 -2.8 3.0 23.7
0300 28.3 29.8 -1.5 5.1 23.2
0400 31.4 31.1 0.3 8.4 23.0 14 Will
0500 35.9 32.4 3.5 13.8 22.1 9 Will
0600 41.4 33.9 7.5 20.8 20.6 11 Will
0700 49.1 36.6 12.5 28.8 20.3 15 Will
0800 57.4 39.4 18.0 37.2 20.2 11 Will
0900 66.2 42.1 24.1 45.2 21„0. 11 Will,
1000 73.8 45.0 28.8 52.4 21.4
1100 81.1 47.7 33.4 58.2 22.9 10 Poly,
1200 84.6 46.7 37.9 62.6 22.0 8 Poly
1300 87.0 47.0 40.0 64.6 22.4 7 Poly
1400 86.4 47.0 39.4 64.2 22.2
1500 85.0 47.0 38.0 61.2 23.8 18 Will
1600 80.9 45.8 35.1 56.4 24.5 17 Will
1700 75.8 45.2 30.6 50.1 25.7 16 Will
1800 42.9 14 Will
1900 34.6 11 Will
2000 26.1 9 Will
2100 18.3 7 Will




Date June 8, 1971
In- Out- 
coming going Incoming Incoming
Radiant Radiant Net Shortwave Longwave Albedo
Hour Energy Energy Rad. Radiation Radiation (%) Surf.
0100 28.2 31.4 -3.2
0200 28.4. 30.7 -2.3
0300 30.4 31.5 -1.1
0400 32.3 31.6 0.7
0500 35.4 31.1 4.3
0600 42.1 33.5 8.6
0700 49.2 34.7 14.5
0800 57.4 37.2 20.2
0900 65.9 38.6 27.3
1000 73.0 40.6 32.4
1100 79.1 42.0 37.1
1200 83.0 43.8 39.2
1300 85.4 45.3 40.1
1400 83.4 43.8 39.6
1500 80.4 41.9 38.5
1600 76.8 41.8 35.0
1700 70.2 40.6 29.6
1800 62.0 38.9 23.1
1900 52.0 34.9 17.1
2000 43.9 32.7 11.2
2100 35.6 30.2 5.4
2200 30.6 29.2 1.4
2300 26.1 27.3 -1.2
2400 22.2 25.4 -3.2
Total 1273 859 414
2.4 25.8
3.3 25.4
5.4 25.0 25 Dune
9.6 22.7 29 Dune
15.4 20.0 30 Dune
22.8 19.3 26 Dune
31.2 18.0 ' 22 Dune
39.8 17.6
48.2 17.7 16 Poly,
55.8 17.2 13 Poly,
61.2 17.9 11 Poly,
64.6 18.4 8 Poly,
66.0 19.4 6 Poly
65.1 18.3 7 Poly
61.8 18.6 10 Poly,
56.1 20.7 11 Poly
49.0 21.2 12 Poly
41.4 20o 6 11 Poly
33.4 18.6 10 Poly
240 8 19.1 16 Poly
16.8 18.8 23 Poly
10.4 20.2 30 Poly
6.0 20.1 42 Poly
3.6 18.6
794 479





















0100 24.0 27.1 -3.1 2.7 21.3
0200 25.4 27.3 -1.9 3.0 22.4
0300 27.3 28.0 -0.7 2.7 24.6
0400 29.2 28.2 1.0 4.8 24.4
0500 30.8 28.0 2.8 6.8 24.0 9 Poly
0600 35.0 28.4 6.6 11.4 23.6 16 Poly,
0700 39.4 30.0 9.4 14.7 24.7 12 Poly,
0800 41.3 30.0 11.3 16.8 24.5 11 Poly,
0900 46.0 30.3 15.7 23.4 22.6 10 Poly,
1000 56.0 34.2 21.8 32.1 13.9 9 Poly,
1100 70.5 36.0 34.5 60.0 10.5 9 Poly,
1200 79.8 38.8 41.0 64.5 15.3 6 Poly
1300 78.0 40.0 38.0 66.3 11.7 6 Poly
1400 80.4 38.5 41.9 64.2 16.2 7 Poly
1500 77.1 37.6 39 0 5 64.2 12.9 7 Poly
1600 59.6 8 Poly,
1700 52.8 8 Poly
1800 43.0 10 Poly
1900 30 „ 3 13 Poly-
2000 24.4 15 Poly
2100 11.0 11 Poly





Date June 10, 1971
In- Out-
coming going Incoming Incoming
Radiant Radiant Net Shortwave Longwave Albedo
Hour Energy Energy Rad. Radiation Radiation (%) Surf.
0100 26.7 24.5 2.2
0200 27.0 27.8 -0.8
0300 26.1 26.2 -0.1
0400 29.9 26.7 3.2
0500 32.0 27.3 4.7
0600 38.5 29.0 9.5
0700 46.6 31.8 14.8
0800 55.4 31.5 23.9
0900 57.2 33.9 23.3
1000 83.0 42.6 40.4
1100 74.5 36.7 37.8
1200 71.5 35.0 36.5
1300 72.4 39.5 32.9
1400 56.6 28.6 28.0
1500 81.0 41.4 39.6
1600 74.1 39.1 35.0
1700 43.9 22.6 22.4
1800 53.8 35.2 18.6
1900 58.4 38.6 19.8
2000 40.3 30.8 9.5
2100 32.6 28.2 4.4
2200 30.1 27.7 2.4
2300 26.6 26.3 0.3
2400 26.3 26.3 0.0




5.6 24.3 22 Poly
9.9 22.1 24 Poly
18.2 20.3 17 Poly
22.0 24.6 22 Poly
31.0 24.4 19 Poly
36.6 22.4 13 Poly
44.1 38.9 15 Poly
50.1 24.4 13 Poly
59.0 12.5 10 Poly
53.8 18.6 18 Dune
56.6 0.0 17 Dune
56.0 25.0 18 Dune
42.4 31.7 17 Dune
39.2 4.7 25 Dune
30.4 23.4 22 Dune
29.8 28.6 22 Dune
25.0 15.3 24 Dune























0100 26.0 26.2 -0.2 0.6 25.4
0200 27.9 27.1 0.8 1.1 26.8
0300 27.6 26.6 1.0 1.4 26.2
0400 28.0 26.5 1.5 2.6 25.4
0500 28.3 26.3 2.0 4.5 23.8
0600 31.5 27.4 4.1 7.6 23.9
0700 37.6 29.2 8.4 17.6 20.0 8 Dune
0800 39.6 26.4 13.2 17.4 22.2 7 Dune
0900 52.3 32.5 19.8 24.4 27.9 16 Dune
1000 50.5 31.8 18.7 28.0 22.5 11 Dune
1100 53.3 33.0 20.3 33.0 20.3 13 Dune
1200 55.9 33.6 22.3 35.6 20.3 13 Dune
1300 56.3 33.8 22.5 32.7 23.6 11 Dune
1400 71.7 35.4 36.3 51.3 20.4 15 Dune
1500 61.8 33.4 28.4 41.2 20.6 18 Dune
1600 63.0 37.6 25.4 42.6 20.4 12 Dune
1700 61.6 37 o 2 24.4 32.1 29.5 14 Dune
1800 39.9 29.4 10.5 25.5 14.4 10 Dune
1900 35.8 27.0 8.8 13.6 22.2 12 Dune
2000 34.7 28.1 6.6 10.8 23.9 11 Dune
2100 32.0 28.5 3.5 7.2 24.8
2200 30.3 28.6 1.7 3.2 27.1
2300 27.6 26.4 1.2 1.8 25.8
2400 27.1 26.4 0.7 1.2 25.9
Total 1000 718 282 437 563
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Date June 1 2 , 1971
In- Out-
coming going Incoming Incoming
Radiant Radiant Net Shortwave Longwave Albedo
Hour Energy Energy Rad. Radiation Radiation (%) Surf.
0100 27.2 26.1 1.1 1.0 26.2
0200 26.3 26.3 0.0 1.2 25.1
0300 26.6 26.4 0.2 1.6 25.0
0400 27.4 26.2 1.2 3.4 24.0
0500 29.6 26.3 3.3 6.4 23.2
0600 31.1 26.4 4.7 10.0 21.1
0700 34.6 27.0 7.6 16.8 17.8
0800 40.3 29.3 11.0 19.5 20.8 9 Dune
0900 47.4 31.4 16.0 40.6 6.8 7 Dune
1000 83.6 47.1 36.5 35.4 48.2 22 Dune
1100 71.5 38.4 33.1 45.4 26.1 14 Dune
1200 63.3 35.2 28.1 42.6 20.7 . 13 Dune
1300 64.9 37.0 27.9 39.8 25.1 15 Dune
1400 63.2 35.2 28.0 38.1 25.1 16 Dune
1500 55.6 32.5 23.1 31.8 23.8 15 Dune
1600 53.5 32.6 20.9 38.8 14.7 11 Dune
17 00 68.0 37.1 30.9 52.6 15.4 15 Dune
1800 55.5 33.7 21.8 41.4 14.1 10 Dune
1900 44.0 30.6 13.4 23.4 20.6 13 Dune
2000 32.6 27.0 5.6 13.0 19.6 9 Dune
2100 36.0 29.0 7.0 12.9 23.1 14 Dune
2200 29.6 30.1 -0.5 12.4 17.3
2300 25.8 27.2 -1.4 4.5 21.3
2400 22.1 25.6 -3.5 2.0 20.1
Total 1060 744 316 535 525
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Date June 13, 1971
In- Out- 
coraing going Incoming Incoming
Radiant Radiant Net Shortwave Longwave Albedo



















































Date June 14t 1971
In- Out- 
coming going Incoming Incoming
Radiant Radiant Net Shortwave Longwave Albedo




















































Date June 15, 1971
In- Out- 
coming going Incoming Incoming
Radiant Radiant Net Shortwave Longwave Albedo





















































Born June 4, 1947 Neptune, New Jersey
Higher Education
B.A., Rutgers University, 1969
Ph.D., Louisiana State University, December, 1977
Dissertation Title
"Seasonal Change in the Microclimates of the Colville 
Delta, Alaska"
Professional Positions Held
Laboratory instructor, N.S.F. Earth Science Teacher 
Training Institute, L.S.U., summer, 1969
Research Assistant, Coastal Studies Institute, L.S.U., 
summers of 1969, 1970, and fall, 1972
Teaching Assistant, 1971-1972, teaching introductory 
physical geography at L.S.U.
Instructor, 1973-present, The University of Nebraska at 
Omaha, Department of Geography and Geology
Teaching Fields
General Physical Geography, Meteorology, Climatology, 
Conservation of Natural Resources
Scholarly Research and Other Creative Activity 
Publications:
Peake, J. S. and H. J. Walker, "Albedo Changes in an 
Arctic Delta." (abstract, 1971), Abstract Volume, 
Second National Coastal and Shallow Water Research 
Conference. University of Southern California 
Press, l97l, p. 176.
________   , (1973) "Snowmelt,
Runoff, and Breakup in the Colville River Delta, 
1971." Climatological Bulletin No. 13, pp. 21-26.
141
_̂_______________  , (1976) "Albedo Changes
in an Arctic Delta During Spring Snowmelt." 
Proceedings, Association of American Geographers, 
Vol. 8, pp. 8-11.
Peake, J. S. and Kevin Millington, (1976) "Climate of 
the Papio N.R.D." in Papio Natural Resources: An 
Illustrated Natural History, pp. 29-30.
Professional Memberships, Offices
Arctic Institute of North America 
Association of American Geographers 
American Meteorological Society
Honors and Awards
Phi Beta Kappa, 1969 
Phi Kappa Phi, 1970
Candidate: . 
Major Field: 
T itle  of Thesis:
EXAMINATION AND THESIS REPORT
Jeffrey S. Peake 
Geography
SEASONAL CHANGE IN THE MICROCLIMATES OF THE COLVILLE DELTA, ALASKA
Approved:
or Professor and Chairman
  - 'O-_f -  t ___H,y.ry nr.p Dean of the Graduate (School
tMINING COMMITTEE
( v o l j r  (\, _________
Date of Examination:
December 10, 1976
